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Description 

BACKGROUND OF THE INVENTION 

5 [0001] Apoptosis is the term used to describe a type of cellular death that occurs in many tissues as a normal phys- 
iological process. Also called "programmed cell death," this form of cellular demise involves the activation in cells of 
a built-in genetic program for cell suicide by which cells essentially autodigest. The remnants of these dead cells are 
then cleared almost without a trace by neighboring phagocytic cells, without resulting in inflammation or scarring. 
Apoptosis thus stands in marked contrast to cell death caused, for example, by oxygen-deprivation in the settings of 

10 myocardial infarction or stroke, where cells lose their energy supplies, rupture and spill their contents into the extra- 
cellular milieu. 

[0002] In addition to the normal physiological process where cells are turned over within the body, apoptosis can be 
induced to occur by cellular, hormonal or other stimuli to remove unwanted cells from the body. For example, killing of 
tumor cells and virus-infected cells by the immune system's cytolytic T-cells occurs via apoptosis following target rec- 

is ognition. Apoptosis also occurs via loss of hormonal stimulation in the female reproductive tissues with each menstrual 
cycle in the absence of a successful pregnancy. Further, numerous studies have shown that apoptosis accounts for 
cell death in a wide variety of clinically important areas. For example, essentially all chemotherapeutic drugs currently 
used in the treatment of cancer, as well as x-irradiation in many cases, ultimately kill malignant cells by activating 
intracellular pathways leading to apoptosis. 

20 [0003] In contrast to the effect of apoptosis in normal cellular phenomenon, when aberrantly regulated, the death of 
cells through apoptosis can lead to a variety of disease states and pathological conditions. For example, the death of 
neurons that occurs in diseases such as Alzheimer's dementia and Parkinson's disease shows many hallmarks of 
apoptosis. Autoimmune diseases, where immune cells inappropriately attack normal tissues, is due, in part, to a failure 
of apoptosis to occur. Additionally, cell death caused by viral infection can occur through apoptosis in many cases, 

25 including T-cell death induced by the Human Immunodeficiency Virus (HIV) that causes AIDS. In contrast to the induc- 
tion of apoptosis caused by some viruses, other viruses inhibit this process through the expression of gene products 
that block apoptosis. Herpes Simplex virus is a specific example of this inhibition where the prevention of apoptosis is 
necessary for its characteristic persistent or "latent" viral infection. 

[0004] Efforts have been made using conventional chemotherapy to treat many of the disease states that result in 
30 inappropriate apoptotic cell death, including all of those mentioned above, but have so far yielded only minor progress 
toward an effective treatment. Additionally, other non-conventional approaches have also been tried in specific en- 
hances. For example, Parkinson's disease has been treated in humans using fetal neural tissue transplantation. Ex- 
tensive testing of such neural tissue transplants as well as testing of genetically engineered fibroblasts has been in- 
vestigated in animal models of Parkinson's and Alzheimer's disease. In the latter case, fibroblasts were modified to 
35 secrete neurotrophic factors such as nerve growth factor(NGF) or neurotransmitters such as precursors of dopamine 
to prolong recipient neural cell survival. The general difficulty of these treatments is that either only a small number of 
the transplanted cells initially survive upon implantation, or in the case of genetically-engineered fibroblasts, many of 
the cells that initially survive fail to continue long-term in vivo survival. 

[0005] As mentioned previously, cancer chemotherapy acts through a variety of intracellular targets which culminate 
40 in the activation of the apoptotic pathway. Cancer is the second leading cause of death in the United States. One out 
of every 3 Americans will develop some form of this disease in his or her lifetime, and the vast majority will die as a 
direct result of their malignancies, primarily because of the inadequacy of currently available chemotherapeutic drugs 
or the spontaneous resistance of malignant cells to such treatments. 

[0006] Although many details of malignancies are not fully understood, the basis of a variety of cancers have been 
45 worked out in large part. For example, the unregulated expression of many genes is now known to cause oncogenic 
transformation. These genes have genetically been termed oncogenes because of their transformation ability when 
abnormally expressed. Typical examples of such oncogenes include protein kinases such as Src, Herb-2 (NEU), and 
BCFt/ABL, GTPases such as Ki-RAS, Ha-RAS, and N-RAS, and transcription factors such as Fos, Jun and Myc. These 
and other oncogenes have been well documented to be a major cause in the malignant phenotype of cancers such as 
50 neuroblastoma (N-myc), Burkitt lymphoma (c-myc), colorectal carcinoma (Ki-RAS), chronic myelogenous leukemia 
(BCR/ABL), breast cancer (Herb-2/NEU), and lung cancer (L-myc). Attempts have been made to target several of 
these oncogenes to provide a therapeutic treatment for the relevant cancer. However, because of the problems men- 
tioned above in regard to chemotherapy, such attempts all too often have proven to be of marginal benefit. 
[0007] In contrast to oncogenes whose abnormal or unregulated expression results in increased proliferation, there 
55 is at least one "oncogene" whose overexpression results in prolonged cell survival. This oncogene is termed Bcl-2 and 
was originally discovered because of its inappropriate activation in lymphomas, cancers of the lymph nodes, where it 
contributes to neoplastic cell expansion. High levels of Bcl-2 protein have been demonstrated to occur in approximately 
50,000 new cases of lymphoma and leukemia each year in the United States alone, essentially all cases of drug- 
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resistant prostate cancer (150,000 cases per year in USA), 80% of nasopharyngeal carcinomas, about 70% of breast 
cancers (approximately 100,000 cases per year in the United States) and all cases of colorectal carcinoma examined 
to date (110,000 new cases per year in USA). 

[0008] Since its initial discovery, it has been shown that Bcl-2 is also normally expressed in many tissues of the body, 
5 where it serves a physiological role of maintaining the survival of long-lived cells. Among the types of cells whose 
survival Bcl-2 regulates are the "memory" lymphocytes that are generated during immunizations, many types of neurons 
in the brain and particularly in the peripheral nerves that control muscle and organ functions, bone marrow cells, skin, 
and the stem cells giving rise to the absorptive cells that line the gastrointestinal tract. 

[0009] From the foregoing discussion, it is apparent that for many of the diseases that impact the human species, 
10 there have been no major advances toward an effective treatment within the last 10 to 15 years. However, as diverse 
as these diseases and their treatments are, there has developed one common mechanism by which they manifest 
their characteristics or by which chemotherapy has been rendered ineffectual. This common mechanism is either the 
induction or inhibition of programmed cell death. 

[0010] Thus, there exists a need to control the process of apoptosis in order to generically treat a broad range of 
15 diseases and pathological conditions, and also to be able to augment clinical treatments employing readily available 
drugs. The present invention satisfies this need and provides related advantages as well. 

SUMMARY OF THE INVENTION 

20 [001 1] The invention provides the use of a compound capable of increasing the activity of Bcl-2 in cells for preparing 
a medicament for treating a disease or pathological condition resulting in apoptotic cell death. The use includes in- 
creasing the activity of Bcl-2 in cells affected by the disease or pathological condition. Thus, the invention provides 
medicaments that can be used to increase the activity of Bcl-2 in a cell affected by a disease or pathology that results 
in apoptotic cell death. Diseases or pathological conditions that result in apoptotic cell death can include, for example, 

25 neurodegenerative diseases, cancer and virus infected cells. 

[0012] Also provided is the use of a population of cells having increased Bcl-2 activity for preparing a medicament 
for prolonging the in vivo survival of transplanted cells for the treatment of a disease or pathological condition. The use 
includes increasing the activity of Bcl-2 in a population of cells and transplanting the population of cells having increased 
Bcl-2 activity into a subject. Thus, the invention provides medicaments that can be used to increase the activity of Bcl- 

30 2 in a cell, which can be transplanted into a subject. Diseases or pathological conditions can include, for example, 
neurodegenerative diseases, cancer and virus infected cells. The use of a nucleic acid molecule encoding Bcl-2 p to 
decrease the activity of Bcl-2 for the preparation of a medicament for enhancing the sensitivity of malignant or virus 
infected cells to therapy is provided that includes decreasing the activity of Bcl-2 in the malignant or virus infected cells. 
Thus, the invention also provides medicaments that can be used to decrease the activity of Bcl-2 in a malignant or 

35 virus infected cell in order to enhance the sensitivity of the cell to a therapy. Methods to identify compounds that alter 
apoptotic cell death and to enhance monoclonal antibody production are also provided by the invention disclosed herein 
as well as by using transgenic mice expressing Bcl-2 as the transgene. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0013] Figure 1 . Recombinant Bcl-2 retroviral vectors constructed using standard recombinant DNA techniques. 

A. Cloned human DNA sequences encoding either the full length Bcl-2 protein ("bcl-2a") or a shorter inhibitory 
form of Bcl-2 ("bcl-2p") were inserted into the unique Xhol site in pBC140 in both the forward and reverse (AS; 
45 antisense) orientations. Bcl-2 expression is driven by a cytomegalovirus promoter/enhancer (CMV; black bars). 

Neomycin phosphotransferase (Neo 1 ) gene expression was driven by the left-most Moloney virus long terminal 
repeat (LTR; white bars) and used as a dominant selectable marker using the antibiotic G41 8. Selected restriction 
sites are indicated. 

50 B. A human Bcl-2 cDNA encoding the full length Bcl-2 protein was cloned into the unique BamHI site in pZip-NEO. 

Selected restriction sites are indicated: X, Xhol; Xb, Xbal; B, BamHI. Bcl-2 expression driven by the left-most 
Moloney virus LTR. Expression of the neomycin resistance gene is mediated via a splicing event (not shown). 

[001 4] Figure2. Bcl-2 and a mutant Bcl-2 (59 Pro->Ser) protein allow mammaliancells to grow to higher cell densities. 

55 

A. Cell viability as determined by trypan blue exclusion (mean +/- standard deviation of 3 determinations). W.T., 
wild-type Bcl-2; P59S, mutant Bcl-2; Neo, control. 
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B. DNA synthesis as determined by liquid scintillation counting of cells pulse-labeled for B hours with 3 H-thymidine. 
Kcpm = kilocounts/min (mean +/-standard deviation of 3 determinations). 

[0015] Figure 3. Bcl-2 blocks prostate cancer cell line, AT-3, death induced by Sindbis virus infection. Cell viability 
5 as determined by trypan blue exclusion (mean +/- standard deviation of 3 determinations). p2IP-BCL2 or pZIP-NEO 
are described in Fig. 1 .B. AT-3-NEO control cells (circles); AT-3-BCL2 cells (squares). Vims infected cells (solid sym- 
bols); cells cultured in the absence of virus (open symbols). 

[0016] Figure 4. Protection of PC1 2 cells from glutamate-induced death by Bcl-2. Cell viability as determined by MTT 
dye reduction assay (mean +■/- standard deviation of 3 determinations). 
10 [0017] Figure 5. Homologs of Bcl-2 prolong survival of 32D-3 cells grown in the absence of II-3 for various times. 
Cell viability as determined by the trypan blue exclusion (mean +/- standard deviation of 3 determinations). 

A. Human (HU) and chicken (CH) Bcl-2 proteins prolong cell survival. (NEO = control; no Bcl-2). 

is B. Human Bcl-2 and the Epstein Barr virus Bcl-2 homolog, BHRF-1, prolong cell survival. (HYG = control; hygro- 

mycin B). 

[0018] Figure 6. Bcl-2 acts synergistically with Raf-1 to prolong cell survival under conditions of growth factor dep- 
rivation. Bcl-2 protein, alone (open circles); activated Raf-1 protein, alone (squares); Bcl-2 + Raf-1 proteins (closed 
20 circles); no Bcl-2 or Raf-1 protein (triangles). 

A. Cell viability as determined by trypan blue exclusion (mean +/- standard deviation of 3 determinations). 

B. DNA synthesis as determined by 3H-thymidine incorporation. Data were normalized by dividing the results 
25 obtained for cells cultured in the absence of interleukin-3 (11-3) by values obtained for cells cultured in the presence 

of II-3 (mean +/- standard deviation of 3 determinations). 

C. Relative DNA content of propidium-iodide-stained viable cells as determined by flow cytometry. Cells were 
grown for 3 days in the presence (panels a and c) or absence (panels b and d) of 11-3. 32D-BCL2 cells (panels a 

30 and b); 32D-BCL2/RAF cells (panels c and d). (FL = fluorescence intensity). 

[0019] Figure 7. A dominant-negative form of the Bcl-2 protein, Bcl-2p\ accelerates cell death. Cell viability as de- 
termined by trypan blue exclusion. Data were normalized relative to the control cells (NEO) (mean +/- standard deviation 
of 4 determinations). 

35 [0020] Figure 8. Western blot of Sf9 cell extracts. Lanes 1-3 contain 5.0, 1 .0 or 0.2 u.g, respectively, protein from 
recombinant Bcl-2 baculovirus-infected cells; lane 4, 1 00 p.g protein from t(14;1 8)-containing human B cell lymphoma 
cell line; lane 5, 10 u.g protein from recombinant Lck baculovirus-infected cells (negative control); lane 6, 10 ng protein 
from uninfected cells. 

[0021] Figure 9. Cell-free assay for assessing Bcl-2 function. 

40 

A. Nuclei incubated in cell free extracts containing Sf9 insect cell lysates prepared from control (upper panels) or 
Bcl-2-expressing (lower panels) Sf9 cells. Nuclei visualized using Hoechst 33258 DNA stain (DNA); tetramethyl- 
rhodamine-labelled BSA conjugated to a synthetic peptide corresponding to the nuclear localization signal of SV40 
T-antigen (TRITC-HSA-NLS); phase contrast microscopy (PHASE CONTRAST). 

45 

B. Quantitation of intact, transport-competent nuclei incubated for 120 or 1 60 min in the presence of absence of 
Bcl-2. 

[0022] Figure 10. Bcl-2 protein is directly responsible for suppression of nuclear breakdown in cell-free apoptosis 
so assays. 

[0023] Figure 11 demonstrates that the expression of Bcl-2 protein in a neuronal cell protects the cell from Herpes 
virus-induced cell death. PC12 neuronal cells were infected with either a control (NEO) or bcl-2-containing retrovirus. 
Stably infected cells were exposed to Herpes Simplex Virus-1 (HSV-1) and relative number of surviving cells was 
determined at various times after exposure to HSV-1 . Solid symbols indicate survival in the absence of HSV-1 infection; 
55 open symbols indicate survival in the presence of HSV-1 infection. 

[0024] Figure 1 2 demonstrates that neuronal PC1 2 cells and B50 cells expressed Bcl-2 protein following transfection 
of the cells with a bcl-2 expression vector (BCL-2). Control cells were transfected with a vector containing only the 
neomycin gene (NEO). The 26 kilodalton (kDa) Bcl-2 protein (p26-Bcl-2) is indicated, as is the 50 kDa mitochondrial 
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membrane protein F,-p-ATPase (p50 F^), which, in some experiments, was used to confirm that equal amounts of 
protein were loaded on the gel and transferred to the nitrocellulose filters. The migration of the Bcl-2 protein expressed 
in Scott cells (Scott), which are lymphoma cells that contain a t(14;18) translocation, and in 697-BCL-2 cells (697 B), 
which are a leukemic cell line infected with ZIP-BCL-2 virus, also are shown, 
s [0025] Figure 1 3 shows the percent survival of control (closed symbols) or Bcl-2-expressing (open symbols) neuronal 
PC12cells, IMR-5 cells and B50 cells following incubation for 24 hr in the presence of various concentrations of gluta- 
mate. The level of significance of the results is indicated. 
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[0026] This invention is directed to general and effective uses of compounds for the manufacture of medicaments 
for augmenting the treatment of diseases and pathological conditions. The uses are applicable to the treatment of 
cancer, neurodegenerative disorders, viral infections, autoimmune diseases and also to the modification of transplanted 
tissues and cells. The modified tissues and cells can be used, for example, for preparing a medicament for the treatment 

'5 of neurological disorders, as well as diseases caused by hormonal and protein insufficiencies such as diabetes (insulin) 
and hemophilia (coagulation factors). The uses described herein also enable the development of novel pharmaceutics 
for the treatment and prevention of diseases and pathological conditions. Additionally, the methods of this invention 
can be further applied to the production of superior research and diagnostic reagents and compositions for use in 
essentially all disciplines of the basic and applied sciences. The invention provides, for example, medicaments that 

20 can be used to increase the activity of Bcl-2 in a cell affected by a disease or pathology that results in apoptotic cell 
death and medicaments that can be used to decrease the activity of Bcl-2 in a malignant or virus infected cell in order 
to enhance the sensitivity of the cell to a therapy. 

[0027] The invention takes advantages of the ability of Bcl-2 to prevent the process of programmed cell death known 
as apoptosis. Targeting a physiological mechanism common to many diverse diseases is efficient and cost effective 

25 in that the specialized development of different drugs to each of the specific diseases is not required. Instead, a small 
number of therapeutic compounds or methods of treatment can be developed for the treatment of essentially all dis- 
eases that manifest their pathological condition through the aberrant regulation of apoptosis. In many cases, such 
compounds can be recombinant nucleic acids whose administration is by mode of gene therapy. Thus, reagents that 
either promote or impair apoptosis are used in the manufacture of the medicaments of the invention to retard disease- 

30 induced apoptotic cell death or to selectively enhance tumor cell killing by conventional chemotherapeutic drugs as 
well as to protect normal non-neoplastic cells from the toxicity of these drugs. 

[0028] In one embodiment, gene transfer technology or "gene therapy" is used to create Bcl-2 recombinant DNA 
molecules and viral vectors to promote the in vivo survival of cells affected by a disease or pathological condition that 
results in apoptotic cell death. Bcl-2 recombinant DNA molecules and viral vectors are also used to genetically modify 

35 cells prior to transplantation to prolong their in vivo survival time and, where applicable, to simultaneously correct 
protein deficiencies. The use of Bcl-2 to immortalize or prolong the survival rate of targeted cells is advantageous in 
that it does not block cellular differentiation and is essentially non-tumorigenic when expressed in either primary or 
established cells compared to other oncogenes. Specific examples of such therapies include the production of recom- 
binant viruses that direct Bcl-2 expression to specific types of neurons and the administration such viruses to patients 

■*o having Alzheimer's or Parkinson's diseases via direct injection into the brain or spinal fluid; the intracranial implantation 
of Bcl-2 expressing fetal neuronal precursor cells for the treatment of Parkinson's disease; the mass expansion of 
human Bcl-2 expressing cells in Wrrofor prolonging their in vivo survival after transplantation and the use of recombinant 
vectors for directing Bcl-2 expression to specific cell types for the prevention of cell death induced by viral infections. 
Bcl-2-expressing cells for use in transplantations can be genetically modified, for example, to secrete various hormones 

4 $ and peptides such as neurotrophic factors in the setting of spinal cord injury, dopamine forthe treatment of Parkinson's 
disease, enkephalins for pain control in terminally ill cancer patients, coagulation factors for patients with hemophilia 
and insulin producing islet cells for patients with diabetes. 

[0029] In another embodiment, Bcl-2 gene transfer technology is used to "immortalize" human antibody-producing 
B-cells and thereby enhance the development of human monoclonal antibodies. The survival promoting function of 
so Bcl-2 is also utilized to generate Bcl-2 transgenic mice for isolating B-cells for enhanced monoclonal antibody produc- 
tion. Such monoclonal antibodies are useful for diagnostic and therapeutic purposes. 

[0030] In yet another embodiment, a cell-free system is described that faithfully reproduces characteristics of apop- 
totic cell death. The system is useful for the screening of compounds that alter the apoptotic process. Selected com- 
pounds that either promote or inhibit apoptosis can be used forthe manufacture of medicaments for therapeutic treat- 
55 ment of a variety of diseases including neurodegenerative diseases, cancer and virus infected cells. 

[0031] The Bcl-2 gene was first discovered because of its involvement in lymphomas in humans. This gene has now 
been shown to prolong cell survival in culture when expressed at high levels in a variety of cell types such as lym- 
phocytes, hemopoietic cells, fibroblasts and neurons. Bcl-2 is a 26 kilodalton (kDa) protein that is unique among cellular 
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genes. It contains a stretch of 1 7 hydrophobic amino acids near its carboxy terminus that causes its post-translational 
insertion into intracellular membranes. Gene transfer studies have demonstrated that Bcl-2 promotes cell survival by 
blocking programmed cell death, or apoptosis. 

[0032] Apoptosis can be actively triggered in cells by, for example, exposure to X-radiation, cytotoxic drugs, free- 
5 radicals and heat, or it can be unmasked by removal of critical peptide growth factors, steroid hormones, lymphokines 
or neurotrophins that constantly suppress programmed cell death in various tissues. Many of these processes are the 
terminal events involved in numerous disease states or the final events by which therapeutic treatments effect their 
results. Thus, to specifically target and alter apoptosis would provide a general treatment for a broad range of diseases 
and pathological conditions. It should be noted, however, that there exist Bcl-2-independent pathways for apoptosis. 
10 Thus, the new uses for Bcl-2 reported here constitute previously undocumented circumstances under which Bcl-2 gene 
transfer is revealed for the first time to exert protection against programmed cell death. 

[0033] Bcl-2 is normally expressed in a variety of types of cells but particularly those that either exhibit a long lifespan 
such as some types of neurons, long-lived "memory" lymphocytes or cell having proliferative, self-renewing potential 
such as basal epithelial cells and hemopoietic progenitor cells in the bone marrow. It is likely that Bcl-2 represents the 
is prototype of an entire family of structurally similar genes that are expressed in a tissue-specific manner and contribute 
to the regulation of cellular life span. 

[0034] As used herein, the term "apoptosis" or "apoptotic cell death" refers to the physiological process known as 
programmed cell death. Apoptosis is unlike other forms of cell death that occur, for example, as the result of ischemia 
or necrosis because apoptosis is an active, ATP-requiring form of cell death that typically requires new RN A and protein 

20 synthesis. A hallmark of apoptosis is the activation of endogenous endonucleases that initially cleave the genomic 
DNA at its most accessible sites, i.e., between nucleosomes, producing a ladder of DNA bands representing integer 
multiples of the internucleosomal distance. This DNA degradation occurs early in the apoptotic process, before loss 
of plasma membrane integrity. Apoptotic cells also have a shrunken size and the process is not usually accompanied 
by inflammation since there is no spilling of cytoplasmic contents into the extracellular space. With apoptosis, much 

25 of the cell's content is autodigested. In v/Vocell lysis never occurs because the apoptotic cells are usually phagocytosed 
by macrophages and related cells before loss of plasma membrane permeability. Consequently, there is no inflamma- 
tory reaction or subsequent scarring. Other morphological characteristics of apoptotic cells include nuclear fragmen- 
tation, development of vesicular bodies, "apoptotic bodies" and plasma membrane blebbing, all in the setting of intact 
mitochondria and lysosomes. Specific examples of apoptotic cell death as a natural programmed event include, for 

30 example, the loss of redundant neurons during fetal development and the destruction of potentially autoreactive T-cells 
during thymic education. 

[0035] As used herein, the term "Bcl-2" refers to the protein originally discovered due to its inappropriate activation 
in lymphomas. Bcl-2 controls normal cell growth and differentiation by promoting cell survival. It has a molecular weight 
of about 26 kDa as determined by SDS-PAGE and is characterized by a hydrophobic stretch of about 17 amino acids 

35 near its carboxy terminus that functions in intracellular membrane attachment. 

[0036] Bcl-2 has substantially the same amino acid sequence as that shown in SEQ ID NO: 2 and is encoded by a 
nucleotide sequence substantially similar to that shown as SEQ ID NO: 1 . The definition of "Bcl-2" is intended to include 
, other Bcl-2 family members such as those proteins that are found to exhibit the above functional characteristic or 
sequence homologies. Such members include, for example, homologs of Bcl-2 cloned from lower organisms such as 

40 rats, mice, chickens, flies and worms. 

[0037] A specific example of a Bcl-2 family member is the protein encoded by the BHRF-1 gene in Epstein Barr virus. 
The BHRF-1 gene, which exhibits about 22% sequence identity and 47% sequence similarity with Bcl-2, is functionally 
equivalent to Bcl-2 in promoting cell survival (see, for example, Fig. 5). 

[0038] It is understood that limited modifications to the protein can be made without destroying the biological function 
45 of Bcl-2 and that only a portion of the entire primary structure may be required in order to effect activity. For example, 
minor modifications of the Bcl-2 protein or nucleotide sequence which do not destroy its activity are included within the 
definition of Bcl-2. Moreover, fragments of Bcl-2 which retain at least one function of the entire protein are included 
within the definition. It is understood that various modifications of primary amino acid or nucleotide sequence may 
result in proteins having substantially equivalent or enhanced function as compared to the sequences set forth as SEQ 
so id NOS: 1 and 2. These modifications may be deliberate, as through site-directed mutagenesis, or accidental, such 
as through mutation in hosts which are Bcl-2 producers. All of these modifications are included as long as Bcl-2 bio- 
logical function is retained. Furthermore, various molecules, such as other proteins, carbohydrates, or lipids, can be 
attached to Bcl-2. Such modifications are included within the definition of Bcl-2. 

[0039] The invention provides the use of cells having increased Bcl-2 activity for treating a disease or pathological 
55 condition resulting in apoptotic cell death. The use includes increasing the activity of Bcl-2 in cells affected by the 
disease or pathological condition. Diseases or pathological conditions can include, for example, neurodegenerative 
diseases, cancer and virus-infected cells. 

[0040] Alzheimer's disease, the most common neurodegenerative disorder, is estimated to affect four million Amer- 
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icans and represents a major economic burden to families and society. No treatment can stop or even slow the pro- 
gression of this disorder. Amyloid p-protein (ABP) has been identified as a possible causative agent of this disease. 
Addition of ABP, or of specific peptide fragments from this protein, to cultured neurons and neuronal cell lines results 
in cell death. Expression of Bcl-2 in these cultured cells by gene transfer can reduce neuronal cell killing by ABP. These 

5 results indicate that apoptosis contributes to neuronal cell death in Alzheimer's disease. 

[0041] Parkinson's disease is a progressive and ultimately fatal neurodegenerative disorder characterized by loss 
of the pigmented dopaminergic neurons of the substantia nigra. The symptoms of Parkinson's disease can often be 
managed initially by administration of L-DOPA, the immediate precursor of dopamine. However, reduced efficacy of 
L-DOPA treatment often occurs possibly because metabolism of the drug prevents effective delivery to the CNS. Pro- 

10 grammed cell death has also been implicated to play an important role in this neurodegenerative disorder inasmuch 
as withdrawal of neurotrophic factors from neurons leads to cell death through a mechanism consistent with apoptosis. 
Moreover, the absence of inflammatory cells or scar formation in the brains of patients with Parkinson's disease indi- 
cates that striatal neuron death can occur through apoptosis as opposed, for example, to necrosis. 
[0042] In addition to neurodegenerative disorders, apoptosis has been indicated to result in cell death from glutamate- 

15 induced neurotoxicity arising from conditions such as stroke and amyotrophic lateral sclerosis (ALS; "Lou Gehrig's 
disease"). Glutamate-induced toxicity occurs when glutamate is released from dying neurons in the brain at times of 
acute injury. Glutamate released by dying neurons in turn binds to specific receptors for glutamate on adjacent healthy 
neurons, triggering signals that set-off a complex series of biochemical events leading to apoptotic cell death. 
[0043] Diseases and pathological conditions such as those described above and those that will be described below 

20 can be treated by increasing the activity of Bcl-2 in the cells affected by the disease or pathological condition. Increasing 
Bcl-2 activity in these affected cells will inhibit the apoptotic death of such cells and therefore reduce or prevent pro- 
gression of the disease or pathological condition. 

[0044] The activity of Bcl-2 can be increased by a variety of means, including, for example, increasing the Bcl-2 
synthesis rate or decreasing the Bcl-2 degradation rate or modulating the ability of Bcl-2 to interact with other proteins 
25 that control the apoptosis process. Increasing the synthesis rate of Bcl-2 will result in elevated protein accumulation 
and thereby increase Bcl-2 activity within the cell. 

[0045] An elevated synthesis rate can be achieved, for example, by using recombinant expression vectors and gene 
transfer technology to express a Bcl-2-encoding nucleic acid. Such methods are well known in the art and are described 
below with reference to recombinant viral vectors. Other vectors compatible with the appropriate targeted cell can 

30 accomplish the same goal and, therefore, can be substituted for recombinant viral vectors in the methods described 
herein. For example, recombinant adenoviruses having general or tissue-specific promoters can be used to drive Bcl- 
2 cDNA expression and to deliver Bcl-2 expression constructs into a variety of types of tissues and cells, including 
non-mitotic cells such as neurons in the substantia nigra of the brain (the region affected in Parkinson's disease) (La 
Salle et al., Science 259:988-990 (1993), which is incorporated herein by reference). 

35 [0046] Alternatively, recombinant adeno-associated viruses can be used for this purpose, with the added advantage 
that the recombinant virus can stably integrate into the chromatin of even quiescent non-proliferating cells such as 
neurons of the central and peripheral nervous systems (Lebkowski et al., Mol, Cell. Biol. 8:3988-3996 (1988), which 
is incorporated herein by reference). Receptor-mediated DNA delivery approaches also can be used to deliver Bcl-2 
expression plasmids into cells in a tissue-specific fashion using a tissue-specific ligand or antibody non-covalently 

40 complexed with DNA via bridging molecules (Curiel et al., Hum. Gene Ther. 3:147-154 (1992); Wu and Wu, J. Biol. 
Chem. 262:4429-4432 (1 987), both of which are incorporated herein by reference). Direct injection of DNA (mammalian 
expression plasmids of various types) or of DNA encapsulated in cationic liposomes also can be used for stable gene 
transfer to non-dividing and dividing cells in vivo (Ulmer et al., Science 259:1745-1748 (1993), which is incorporated 
herein by reference). In addition, DNA transfer by the particle bombardment method can be used to transfer DNA into 

6 a variety of tissues (Williams et al., Proc. Natl. Acad. Sci. USA 88:2726-2730 (1991), which is incorporated herein by 
reference). 

[0047] Moreover, recombinant expression vectors encoding Bcl-2 can also contain additional non-Bcl-2-encoding 
nucleic acids that are useful for the therapeutic treatment of a disease or pathological condition. For example, Bcl- 
2-encoding vectors can be constructed to encode enzymes used in the synthesis of dopamine when treating Parkin- 

50 son's disease, for example, with the idea of simultaneously providing genes for enhancement of cell survival (Bcl-2) 
and cell function (dopamine-p-hydroxylase). Other examples are Bcl-2 plus recombinant DNA sequences engineered 
to allow for nerve growth factor secretion for sustaining the survival of the cholinergic neurons that are typically lost in 
Alzheimer's disease (Rosenberg et al., Science 242:1575-1578 (1988), which is incorporated herein by reference), 
Bcl-2 plus insulin for the treatment of diabetes or Bcl-2 plus encephalin for treatment of intractable pain. Whether other 

55 non-Bcl-2-encoding nucleic acids are also contained within a vector will depend on the disease and the therapeutic 
need. One skilled in the art will be able to determine such a need. 

[0048] Viruses are very specialized infectious agents that have evolved in many cases to elude host defense mech- 
anisms. Typically, viruses infect and propagate in specific cell types. The targeting specificity of viral vectors utilizes 
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this natural specificity, in turn, to specifically target predetermined cell types and, thereby, introduce a recombinant 
gene engineered into the viral genome into the infected cell. The vector to be used in the methods of the invention will 
depend on desired cell type to be targeted. For example, if neurodegenerative diseases ar to be treated by increasing 
the Bcl-2 activity of neuronal cells affected by the disease, then a vector specific for cells of the neuronal cell linag 

5 could be used. Such viral vectors include, for example, Herpes simplex virus-based vectors (Battleman et al. , J. Neu- 
rosci. 13:941-951 (1993), which is incorporated herein by reference). Similarly, if a disease or pathological condition 
of the hematopoietic system is to be treated, then a viral vector that is specific for blood cells and their precursors, 
preferably for the specific type of hematopoietic cell, should be used. Such viral vectors include, for example, HIV- 
based vectors (Carroll et al., J. Cell. Biochem. 17E:241 (1993), which is incorporated herein by reference). 

to [0049] Moreover, such vectors can additionally be modified with specific receptors or ligands to modify or alter target 
specificity through receptor mediated events. These modification procedures can be performed, for example, using 
recombinant DNA techniques or synthetic chemistry procedures. Specific examples of viral vectors and their specificity 
include, for example, Herpes simplex virus for neuronal cell lineages, HIV for T lymphocytes, hepatitis virus for liver 
cells and Adenovirus for lung and other tissues. In cases where viral infections cannot be made tissue-specific, it may 

is be possible to make viral gene expression specific for only the desired type of cell through the use of tissue-specific 
promoters and enhancers (Dai et al., Proc. Natl. Acad. Sci. USA 89:1 0892-1 0895 (1 992), which is incorporated herein 
by reference). 

[0050] Viral vectors commonly used for in iwo targeting and therapy procedures are retroviral vectors or DNA-based 
vectors. Retroviral vectors can be constructed to function either as infectious particles or to undergo only a single initial 

20 round of infection. In the former case, the genome of the virus is modified so that it maintains all the necessary genes, 
regulatory sequences and packaging signals to synthesize new viral proteins and RNA. However, oncogenic transfor- 
mation properties of these viruses are destroyed. Once the viral proteins are synthesized, the host cell packages the 
RNA into new viral particles, which can undergo further rounds of infection. The viral genome is also engineered to 
encode and express the desired recombinant gene. 

25 [0051] In the case of non-infectious viral vectors, the helper virus genome is usually mutated to destroy the viral 
packaging signal, which is required to encapsulate the RNA into viral particles, but retains the structural genes required 
to package the co-introduced recombinant virus containing a gene or genes of interest. Without such a signal, any 
particles that are formed will not contain a genome and, therefore, cannot proceed through subsequent rounds of 
infection. 

30 [0052] The methods for constructing and using such viral vectors are known in the art and are reviewed, for example, 
in Miller and Rosman, Biotechniques 7:980-990 (1 992), which is incorporated herein by reference. The specific type 
of vector will depend upon the intended application. The actual vectors are also known and readily available within the 
art or can be constructed by one skilled in the art. 

[0053] Bcl-2-encoding viral vectors can be administered in several ways to obtain expression and, therefore, in- 

35 creased activity of Bcl-2 in the cells affected by the disease or pathological condition. If viral vectors, for example, are 
used, the procedure can take advantage of their target specificity and the vectors need not be administered locally at 
the diseased site. However, local administration can provide a quicker, more effective treatment. Administration can 
also be by intravenous or subcutaneous injection into the subject. Injection of the viral vectors into the spinal fluid can 
also be used as a mode of administration, especially in the case of neurodegenerative diseases. Following injection, 

40 the viral vectors will circulate until they recognize host cells with the appropriate target specificity for infection. 

[0054] An alternate mode of administration of Bcl-2 encoding vectors can be by direct inoculation locally at the site 
of the disease or pathological condition. Local administration is advantageous because there is no dilution effect and, 
therefore, a smaller dose is required to achieve Bcl-2 expression in a majority of the targeted cells. Additionally, local 
inoculation can alleviate the targeting requirement needed with other forms of administration since a vector can be 

45 used that infects all cells in the inoculated area. If expression is desired in only a specific subset of cells within the 
inoculated area, then promoter and expression elements that are specific for the desired subset can be used to ac- 
complish this goal. Such non-targeting vectors can be, for example, viral vectors, viral genomes, plasmids, phagemids 
and the like. Transfection vehicles such as liposomes can be used to introduce the non-viral vectors described above 
into recipient cells within the inoculated area. Such transfection vehicles are known to one skilled within the art. 

so [0055] The Bcl-2 encoding nucleic acid used in the methods of the invention is known in the art and is listed as SEQ 
ID NO: 1 . The Bcl-2 nucleotide sequence is also available from Genbank under the locus identification "HUMBCL2A" 
as accession number M13994. The nucleotide sequence described herein (SEQ. ID. NO.: 1) or available from the 
above database is all that is necessary for one skilled in the art to obtain a Bcl-2 cDNA for use in the disclosed methods. 
Moreover, since the Bcl-2 cDNA has been published in Tsujimoto and Croce, Proc. Natl. Acad. Sci. USA, 83:5214-5218 

55 (1 986), which is incorporated herein by reference, it is also readily available to those skilled in the art. 

[0056] Using the Bcl-2 sequence described herein (SEQ ID NO: 1), one skilled in the art can clone the Bcl-2 using 
conventional library screening methods. Oligonucleotide probes useful for screening can be synthesized using known 
methods in the art such as phosphoramidite chemistry. Other methods such as the polymerase chain reaction (PCR) 
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also can be used to rapidly and efficiently clone Bcl-2-encoding nucleic acids. Using PCR, a DNA segment of up to 
approximately 6,000 base pairs in length can be amplified from a single gene copy. 

[0057] Briefly, PCR involves incubating a denatured DNA sample with two oligonucleotide primers that direct the 
DNA polymerase-dependent synthesis of complementary strands. Multiple cycles of synthesis are performed, wherein 

s each cycle affords an approximate doubling of the amount of target sequence. Each cycle is controlled by varying the 
temperature to permit denaturation of the DNA strands, annealing the primers and synthesis of new DNA strands. Use 
of a thermostable DNA polymerase eliminates the necessity of adding new enzyme for each cycle and permits fully 
automated DNA amplification. Twenty-five amplification cycles increase the amount of target sequence by approxi- 
mately 10 6 -fold. The PCR technology is the subject matter of United States Patent Nos. 4,683,195, 4,800,159, 

10 4,754,065, and 4,683,202 all of which are incorporated herein by reference. 

[0058] The invention also provides the use of compounds capable of increasing Bcl-2 activity for the manufacture 
of medicaments for treating a disease or pathological condition resulting in apoptotic cell death wherein the disease 
or pathological condition is mediated by viral infection. The uses described above for the treatment of neurological 
diseases and pathological conditions can also be applied to various other disease states such as virus-infected cells. 

'5 Many viral infections, such as HIV. culminate in cell death through apoptosis. 

[0059] Apoptosis can be prevented or retarded by expressing a Bcl-2 encoding nucleic acid or functional equivalent 
thereof in viral-infected cells (see, for example, Fig. 3). Elevated levels of Bcl-2 inhibit the programmed cell death 
induced by an infecting viruses and result in prolonged survival of the infected cells. Bcl-2-containing viral vectors that 
appropriately target the infected cells can be used to specifically introduce and increase the Bcl-2 activity within the 

20 infected cells. Such vectors also can contain non-Bcl-2-encoding nucleic acids that are useful for treating the virus- 
infected cells. 

[0060] The invention provides the use of a population of cells having increased Bcl-2 activity for preparing a medi- 
cament for prolonging the in vivo survival of transplanted cells for the treatment of a disease or pathological condition. 
The use includes increasing the activity of Bcl-2 in a population of cells and transplanting the population of cells having 
25 increased Bcl-2 activity into a subject. Diseases or pathological conditions can include, for example, neurodegenerative 
diseases, cancer and virus-infected cells. 

[0061] The transplantation of genetically modified cells that secrete proteins, hormones or neurotransmitters, for 
example, can be used to treat the above diseases as well as many chronic, metabolic and inherited disorders such as 
diabetes and hemophilia. Employing the uses described herein, the in vivo survival of such diseased cells can be 

30 improved by Bcl-2 gene transfer. An advantage of treating cells using Bcl-2 is that Bcl-2 is not oncogenic in most cells 
and, therefore, can be used to "immortalize" cells that would be responsive to normal growth control mechanisms in vivo. 
[0062] Cell transplantation is now being explored for the treatment of certain diseases, notably Parkinson's disease. 
For example, potential therapies in animal models of Parkinson's disease have included cell transplantation of genet- 
ically modified fibroblasts, which produce L-DOPA in the vicinity of the substantia nigra. Although the results of these 

as experiments have been encouraging, the survival time of the transplanted cells is limited and, therefore, results in only 
a temporary and minor improvement of the condition. 

[0063] Transplantation of fetal brain cells, which contain precursors of the dopaminergic neurons, has also been 
examined as a potential treatment for Parkinson's disease. In animal models and in patients with this disease, fetal 
brain cell transplantations have resulted in the temporary reduction of motor abnormalities. Furthermore, it appears 
40 that the implanted fetal dopaminergic neurons form synapses with surrounding host neurons. However, the transplan- 
tation of fetal brain cells is again limited due, for example, to the limited survival time of the implanted neuronal pre- 
cursors. 

[0064] In the specific case of Parkinson's disease, intervention by increasing the activity of Bcl-2 can improve the in 
vitro and in vivo survival of fetal and adult dopaminergic neurons, their precursors and dopamine-secreting fibroblasts 
45 and, thus, can provide a more effective treatment of this disease. Likewise, improved in vivo survival of essentially any 
cell type to be transplanted will improve the treatment of that disease. For example, neuronal cells or their precursors 
can be used for the treatment of other neurodegenerative diseases such as Alzheimer's disease and glutamate-induced 
neuronal cell death by enhancing the in vivo survival of cells using Bcl-2. 

[0065] Specific examples of cell types other than neuronal cells include hepatocytes for the treatment of liver failure, 
so p cells for the treatment of insulin-dependent diabetes and skin cells for the treatment of burns. Additionally, Bcl-2 
expression can be used to enhance survival of transplanted cells for cosmetic treatments. One example of such a 
cosmetic purpose is for the treatment of alopecia, the medical term for baldness. Moreover, viral vectors can be em- 
ployed using the methods that target Bcl-2 expression to the cells of the hair follicle or Bcl-2 transfer vehicles can be 
applied topically to the scalp, resulting in a novel genetic treatment for hair loss. 
55 [0066] Cells to be transplanted for the treatment of a particular disease can be genetically modified in vitro so as to 
increase the activity of Bcl-2. Such methods are known within the art and are essentially the same as those described 
above, except that Bcl-2 expression is first achieved within the cells in vitro. Bcl-2-expressing vectors can be constructed 
using recombinant DNA techniques and can utilize, for example, viral vectors, viral genomes, plasmids, phagemids 
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and the like (see, for example, Fig. 1). Such vectors can also encode one or more non-Bcl-2 nucleotide sequences to 
facilitate the therapeutic function of the cells once they are transplanted. 

[0067J Bcl-2-encoding vectors are introduced into recipient cells using transfection methods known to one skilled in 
the art. Such methods include, for example, infection using viral vectors, lipofection, electroporation, particle bombard- 
5 ment and transfection. Detailed procedures for these methods can be found in Sambrook et al., Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor Laboratory Press, 1989) and the references cited therein, which are incorpo- 
rated herein by reference. 

[0068] Following transfection, cells having increased levels of Bcl-2 activity are selected for use in transplantation 
treatment. The screening procedure will depend on the method by which the Bcl-2 activity is increased. For example, 

10 if increased activity is accomplished through elevated Bcl-2 protein levels, then a quantitative assay that determines 
the accumulated Bcl-2 protein level can be used. Such assays include, for example, immunoblot analysis, immuno- 
precipitation and ELISA. Such methods are known to one skilled in the art and can be found in Ausubel et al., Current 
Protocols in Molecular Biology (John Wiley and Sons, 1989) or in Harlow et al., Antibodies: A Laboratory Manual (Cold 
Spring Harbor Laboratory Press, 1988), both of which are incorporated herein by reference. Functional assays also 

is can be employed such as the inhibition of apoptotic DNA degradation or nuclear disintegration, such as disclosed 
herein or known in the art (see Example VII). 

[0069] Similar to the use of Bcl-2 for prolonged in vivo survival of transplanted cells, the expansion of mammalian 
cells in culture for subsequent transplantation or the expansion of cells for industrial scale production of proteins, 
metabolites or other clinically useful factors can benefit from the enhanced survival due to Bcl-2. Among the limitations 
20 that plague these types of procedures are the dependence of many cell types on adherence to a solid surf ace. Moreover, 
many types of cells die through apoptosis when their required growth factors run in short supply or when toxic by- 
products accumulate in cultures of cells grown at high densities. Such problems can be overcome by increasing the 
levels of Bcl-2 within the cultured cells. 

[0070] For example, increased levels of Bcl-2 can allow anchorage-dependent cells to survive and grow in the ab- 

25 sence of attachment to a solid surface. Bcl-2 overexpression can also allow cells to grow to higher densities when 
compared to cells expressing low or normal Bcl-2 levels. Moreover, a novel form of the Bcl-2 protein, Bcl2/P59S, is 
substantially more active than the wild-type protein in allowing higher density growth and preventing cell death due to 
the depletion of growth and survival factors in tissue culture medium (Fig. 2). All of these properties of Bcl-2 can be 
utilized for mass expansion of cells in culture. 

30 [0071] The invention also provides uses of compounds capable of increasing Bcl-2 activity in cells for preparing a 
medicament for prolonging the in vivo survival of transplanted cells for the treatment of a disease or pathological 
condition by increasing the Bcl-2 activity of immune cells. The immune system consists of a variety of cell types that 
protect the body from infectious organisms and continually monitor the body for the appearance of abnormal cells such 
as cancer cells. Some immune cells have the capacity to bind to and kill other cell types, particularly tumor cells and 

35 virus-infected cells. One outcome of the killer cell response, besides target cell death, is the activation of apoptosis 
within the killer cells, themselves. The physiological role of this self-induced suicide may be a negative feedback mech- 
anism for controlling an immune response. However, this regulatory mechanism of immune cell death prevents immune 
responses from being of sufficient duration and intensity to effectively eliminate malignant or virus-infected cells. Tumor- 
specific and virus-specific immune cells can also die from lack of sufficient growth factors such as interleukin-2 (11-2) 

40 in vivo. This process can be arrested or prevented by Bcl-2 gene transfer. Thus, the augmentation of immune cell 
survival due to increased Bcl-2 expression can result in more effective treatment of cancer and virus-induced diseases. 
[0072] Apoptotic death of immune cells can be inhibited by isolating these cells or their precursors and modifying 
them to express elevated levels of Bcl-2. The methods for modifying these cells are essentially the same as those 
described above. The transplantation of the Bcl-2-expressing cells into a subject suspected of having a cancer or a 

45 viral infection will ensure a more prolonged and active immune response against the condition. As an alternative to 
extracorporeal treatment, tissue-specific gene transfer and expression technology can be used to specifically increase 
Bcl-2 gene expression in the killer cells in vivo. 

[0073] Other non-Bcl-2 genes that augment the cell survival function of Bcl-2 or enhance the killer activity of immune 
cells can be introduced into cells in combination with Bcl-2. A specific example of introducing a second gene that 

so enhances the effector activity of immune cells is the coexpression of the Lck protein tyrosine kinase. When constitutively 
overexpressed, for example, by mutation of the regulatory tyrosine residue at amino acid position 505 to a phenylalanine 
(Y505F), Lck confers T cell effector functions on the Y505F-expressing cell in the absence of IL-2. Abrogation of the 
IL-2 requirement is clinically advantageous because side effects due to treatment with an immunostimulatory drug 
such as IL-2 can be avoided. Nucleic acids encoding proteins other than Lck can be coexpressed to enhance effector 

55 functions of immune cells. Such nucleic acids include, for example, Lyn, Hck, Fyn, Yes, Atk, Fgr and Blk. 

[0074] Raf-1, which encodes a serine-threonine protein kinase, is an example of a non-Bcl-2 gene that can be ad- 
ministered in conjunction with Bcl-2 to enhance the action of Bcl-2 (see Example V nd Fig. 6). Infection of cells with 
DNA sequences encoding a mutant version of the Raf-1 kinase having constitutive, non-inducible kinase activity acts 
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synergistically with Bcl-2 to prolong cell survival by blocking apoptotic cell death (see, for example, Fig. 6.A.). Thus, 
coexpression of non-Bcl-2 genes to augment function of Bcl-2 or to enhance other desired functions provides a means 
of preventing or limiting virus infections and malignant cell growth. 

[0075] The invention also provides the use of a compound capable of decreasing the activity of Bcl-2 in malignant 
s or virus-infected cells for preparing a medicament for enhancing the sensitivity of malignant or virus-infected cells to 
therapy. Decreased activity can be accomplished by expressing an alternative form of Bcl-2 capable of forming a bound 
complex with Bcl-2, wherein the bound Bcl-2 is inactive, or with other proteins that interact with Bcl-2, thus inhibiting 
the normal function of Bcl-2. 

[0076] Many types of malignant cells become resistant or refractory to treatment due to high endogenous levels of 
10 Bcl-2. These malignant cells having high levels of Bcl-2 include prostate, colorectal and nasopharyngeal cancers and 
lymphomas, leukemias and neuroblastoma. Similarly, virus-infected cells can be intrinsically resistant to treatment 
because of endogenous Bcl-2 expression. In contrast to the previously described methods for increasing the Bcl-2 
activity, such diseases can be effectively treated by utilizing the opposite approach, i.e., inhibiting Bcl-2 activity. Sup- 
pression of Bcl-2 function can be employed alone or in combination with conventional therapies to provide a more 
is effective means of decreasing the resistance of malignant or virus-infected cells to killing by chemotherapeutic drugs 
and irradiation. 

[0077] Bcl-2 expression can be inhibited, for example, by targeting and/or expression vectors that produce the al- 
ternative form of the Bcl-2 protein, Bcl-2p\ When expressed in conjunction with a normal Bcl-2 gene, Bcl-2p" binds to 
the cellular proteins with which Bcl-2 normally interacts and prevents Bcl-2 function, probably through a competition 
20 mechanism. The inhibition of a wild-type function through the coexpression of a variant form of a gene product is known 
in the art as a dominant negative mutation (Fig. 7; see, also, Kolch et al., Nature 349:426-428 (1991), which is incor- 
porated herein by reference. 

[0078] Bcl-2p arises through an alternative splicing mechanism and lacks the hydrophobic stretch of amino acids 
found in the normal Bcl-2 protein, the hydrophobe region being necessary for membrane insertion of Bcl-2 and its 
25 function as a blocker of apoptosis. Other examples of mutant Bcl-2 are proteins that have been genetically engineered 
to contain deletions within the region of amino acids 85-219 of the 239 amino acid Bcl-2 protein. In malignant cells 
where Bcl-2 function has been markedly reduced by dominant negative mutation, enhanced sensitivity to killing by a 
wide variety of chemotherapeutic drugs such as methotrexate, Adriamycin, Ara-C and dexamethasone can be ob- 
served. 

30 [0079] In addition to inhibiting Bcl-2 activity to enhance the sensitivity of malignant or virus infected cells to therapy, 
other non-Bcl-2 gene products involved in the progression of the diseased state can be inhibited to increase the efficacy 
of treatment. For example, high levels of Raf-1 kinase activity are associated with radioresistance of tumors. Gene 
transfer manipulations that cause a decrease or increase of Raf-1 kinase activity can increase ordecrease, respectively, 
the sensitivity of tumor cells to killing by chemotherapeutic drugs. Moreover, elevations in Raf-1 activity in the presence 

35 of increased Bcl-2 activity indicate that the combined use of reagents designed to interfere with Raf-1 and Bcl-2 can 
act synergistically to rendertumor cells more sensitive to killing by conventional chemotherapeutic drugs and irradiation 
(see Example V). 

[0080] As an alternative to gene therapy and transfer approaches, chemical compounds that alter the activity of Bcl- 
2 can be used. The same rationale as described above for treating diseases or pathological conditions can be applied 
40 to these applications, except that the specific compounds that alter the Bcl-2 activity are substituted in place of recom- 
binant methods. Thus, all the therapies described previously using Bcl-2 gene transfer are equally applicable to the 
use of Bcl-2 specific compounds. 

[0081] Novel Bcl-2 specific compounds can be obtained, for example, through rational design or random drug-screen- 
ing methods. All that is required is a method to accurately identify active compounds. Active compounds include both 
45 those that increase Bcl-2 activity as well as those that decrease its activity. Thus, the determination of an activity will 
depend on the desired outcome. 

[0082] The invention provides a method to identify compounds that alter the process of apoptosis (see Example VII). 
This method includes treating an apoptotic cell extract with one or more compounds and selecting the compound that 
alters the apoptotic process in the cell extract. Thus, the method allows the identification of active Bcl-2 specific corn- 
so pounds. The method consists of a cell free extract that faithfully reproduces the apoptotic process. Briefly, when Xeno- 
pus egg extracts are mixed with sperm chromatin, the chromatin is assembled into a nucleus that is surrounded by a 
nuclear enveloped. These cell free nuclei undergo degeneration spontaneously with time or inducibly in the presence 
of particular drugs. The nuclear degeneration process is indicative of the process that occurs in cells dying by apoptosis. 
Addition of Bcl-2 protein to the extracts prevents nuclear breakdown (see, for example, Fig. 9). Active Bcl-2 specific 
55 compounds can be identified by substituting the compound for Bcl-2 in the cell free extract. An advantage of the cell 
free extract method is that it can be automated by monitoring, for example, the transport of radiolabeled or fluorescent- 
tagged peptides into nuclei; this transport process is prevented by nuclear breakdown. 

[0083] The invention also provides a method to enhance monoclonal antibody production by prolonging the in vitro 
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survival of hybridoma precursor cells by increasing the activity of Bcl-2 in the precursor cells. Similar to the methods 
described above, Bcl-2 can enhance the survival, for example, of antibody producing cells. Such enhanced survival 
can increase the efficiency of monoclonal antibody production by allowing the generation of a greater number of suc- 
cessful fusions. 

5 [0084] Precursor hybridoma cells, such as myeloma fusion partners and antibody-producing B cells, can be modified 
using methods described herein to elevate the expression of Bcl-2. Bcl-2 expression vectors can be introduced in vitro 
into the myeloma cells using the disclosed methods. Since the antibody-producing B cells are isolated from an immu- 
nized animal, increasing Bcl-2 expression in these cells can be accomplished by immunizing transgenic animals ex- 
pressing a Bcl-2 encoding transgene. B cells taken from the spleen of such immunized animals will have enhanced 

10 survival characteristics compared to B cells from normal animals. In addition, hybridomas prepared using B cells ob- 
tained from transgenic mice expressing a human bcl-2 gene produced a higher frequency of antigen-positive clones 
than did B cells obtained from normal mice, thereby increasing the likelihood of obtaining a hybridoma cell line ex- 
pressing a desirable monoclonal antibody. Thus, the invention also provides transgenic mice expressing Bcl-2 as the 
transgene. The B lymphocytes of such mice are useful for obtaining more efficient monoclonal antibody production. 

'5 Moreover, increased Bcl-2 activity can also be used to immortalize human B cells for the production of human mono- 
clonal antibodies. 

[0085] The following examples are intended to illustrate, but not limit the invention. 
EXAMPLE I 

[0086] This Example shows that Bcl-2 expression results in an increased number of viable 32D-3 cells in culture and 
allows the cells to remain viable for longer than normally observed for this cell line. 

[0087] 32D-3 cells were stably transfected with expression plasmids containing a G418 antibiotic resistance gene 
and either a wild-type or mutant human Bcl-2 DNA sequence. The mutant Bcl-2 sequence encodes a variant Bcl-2 
25 protein having a serine substitution for a proline at amino acid position 59 (BCL2/P59S). This amino acid substitution 
results in a high level of constitutive expression of BCL2/P59S. 

[0088] Following selection of the cells for G41 8 resistance, cells were plated and their viability was determined. As 
shown in Fig. 2.A., the number of viable control cells (Neo) reached a maximum about day 4-5, then decreased. The 
number of viable cells expressing the wild-type Bcl-2 protein (W.T.) also reached a maximum at about day 4-5, but the 
30 number of viable cells did not decrease during the time examined. In contrast, the number of viable cells expressing 
the variant Bcl-2 protein (P59S) increased for 6 days to a level about twofold greater than the control cells and the 
cells expressing with the wild-type Bcl-2 protein. As shown in Fig. 2.B., the number of viable cells is correlated to the 
level of DNA synthesis in the various populations of cells. 

[0089] These results indicate that Bcl-2 causes an increase in the number of viable cells in culture and allows the 
35 cells to remain viable for a longer period of time than normal. 

EXAMPLE II 

[0090] This Example illustrates the effectiveness of Bcl-2 at preventing Sindbis virus-induced death of prostate cancer 
40 cells and Herpes virus-induced death of neuronal PC1 2 cells. 

[0091] A rat prostate cancer cell line, AT-3, was infected with pZIP-BCL2 or pZIP-NEO (see Fig. 1), then grown in 
the presence or absence of Sindbis virus. At various times after the addition of Sindbis virus, cells were collected and 
cell viability was determine using trypan blue exclusion. 

[0092] As shown in Fig. 3, Sindbis virus infection resulted in the death of essentially all of the AT-3 cells within 3 days 
(solid circles). In contrast, AT-3 cells that expressed Bcl-2 were protected from Sindbis virus-induced death (solid 
squares) and survived as if no Sindbis virus was present (compare controls, open circles). These results show that 
Bcl-2 expression protects cells from death due to virus infection. 

[0093] Bcl-2 expression also protects PC12 cells from death following exposure to Herpes virus. PC12 cells were 
infected with pZIP-BCL2 or pZIP-NEO, then exposed to Herpes Simplex Virus (HSV-1). Cells were collected at various 
so times after exposure to HSV-1 and cell viability was determined as described above. As shown in Figure 1 1 , PC1 2 cell 
viability was decreased to about 15% of control cell viability after 5 days exposure to HSV-1 . In contrast, PC12 cells 
expressing Bcl-2 were protected from HSV-1 -induced cell death and grew essentially the same as control PC1 2 cells, 
which expressed Neo or Bcl-2 but were not exposed to HSV-1 . 

55 EXAMPLE III 

[0094] This Example demonstrates the effectiveness of Bcl-2 for inhibition of glutamate-induced apoptosis in cultured 
neuronal PC12 cells. 
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[0095] Glutamate is released from dying neurons in the brain during stroke and other conditions where neuronal cell 
survival is compromised including, perhaps, ALS. Neurons contain cell surface glutamate receptors that appear to 
transduce poorly characterized signals leading to apoptotic cell death. In vitro studies have shown that glutamate 
treatment can result in the death of cultured cortical neurons and PC12 cells. Glutamate-induced cell death induced 
5 is accompanied by internucleosomal DNA degradation and ultrastructural changes resulting from apoptosis. Bcl-2 
expression protects neuronal cells from glutamate-induced cell death. 

[0096] The rat pheochromocytoma cell line, PC12, was stably infected with pZIP-BCL-2 or pZIP-NEO (see Fig. 1), 
then treated with 30 mM glutamate for 24 hours. Following treatment, cell viability was assessed by MTT dye reduction 
assay as described inTada etal., J. Immunol. Meth. 93:157-165 (1986). As shown in Fig. 4, Bcl-2 expression protected 

10 the PC12 cells from glutamate-induced death. 

[0097] In addition, neuronal PC12 cells, B50 cells (Behl et al., Biochem. Biophys. Res. Comm. 186:944-950 (1992), 
which is incorporated herein by reference) and IMR-5 cells were infected with eitherpZIP-BCL-2 or pZIP-NEO (Hanada 
et al., Canc. Res. 53:4978-4986 (1 993); Behl et al., Biochem. Biophys. Res. Comm. 1 97:949-956 (1 993), each of which 
is incorporated herein by reference). PC12 cells and B50 cells were examined for expression of Bcl-2 by immunoblot- 

is ting. Briefly, cell lysates were prepared from the cells and normalized for total protein content prior to assessing relative 
levels of Bcl-2 protein. Rabbit anti-Bcl-2 antiserum was raised against a synthetic peptide corresponding to amino acid 
residues 41 -54 of the human Bcl-2 protein (Reed etal., Cane. Res. 51 :6529-6538 (1991), which is incorporated herein 
by reference). 

[0098] Twenty-five or 50 u.g protein/lane was fractionated by sodium dodecyl sulfate-polyacrylamide gel electro- 
de phoresis (SDS-PAGE) in a 12% gel, then transferred to nitrocellulose filters using standard methods (see, for example, 
Harlow and Lane, supra, 1 9B8). Human Bcl-2 protein was detected using the anti-Bcl-2 antiserum and an avidin-biotin 
reagent with horseradish peroxidase and diaminobenzidine as described by Krajewski et al., Cancer Res. Cane. Res. 
53:4701-4714 (1993), which is incorporated herein by reference. In some experiments, the amount of mitochondrial 
inner membrane protein, p50-F.|-b-ATPase, was determined to confirm that equal amounts of protein were loaded on 
25 the gel (see Tanaka et al., J. Biol. Chem. 268:10920-10926 (1991), which is incorporated herein by reference). 

[0099] As shown in Figure 12, Bcl-2 protein was expressed in PC12 or B50 cells infected with pZIP-BCL-2 ("BCL- 
2"), but not with pZIP-NEO ("NEO"). Comparison of Bcl-2 expression in the infected PC12 cells and B50 cells was 
comparable to Bcl-2 expression in Scott cells, which are lymphoma cells that contain a t(14;18) translocation, and in 
697-BCL-2 cells, which are a leukemic cell line infected with ZIP-BCL-2 virus (Miyashita and Reed, Blood 81 : 1 51 - 1 57 
30 (1993), which is incorporated herein by reference). 

[0100] pZIP-BCL-2- or pZIP-NEO-infected PC12 cells, B50 cells or IMR-5 cells were exposed to various concentra- 
tions of glutamate. Five thousand cells were cultured in 1 00 u.l medium in 96 well plates. The following day, glutamate 
was added in 100 u.l medium. Cells were incubated an additional 24 hr, then were collected and cell viability was 
determined using the MTT assay. As shown in Figure 13, concentration-dependent reductions in relative numbers of 
35 viable cells occurred in each of the three different neuronal cell lines. In contrast to control cells, the Bcl-2-expressing 
cells were significantly more resistant to killing by glutamate. 

[0101] The percentage of viable cells also can be compared by recovering the cells from cultures using 20% pan- 
creatin, resuspending them in medium containing propidium iodide and determining the percentage of viable cells by 
fluorescence microscopy or by fluorescent activated cell sorting. A sample of cells is fixed and embedded for electron 

40 microscopic analysis to determine whether ultrastructural changes indicative of apoptosis occurs. 

[0102] DNA fragmentation is assessed by qualitative gel-electrophoresis assays and by quantitative biochemical 
methods. A qualitative DNA fragmentation assay is performed using the gel electrophoresis assay described in So- 
renson et al., J. Natl. Cane. Inst. 82: 749 (1990). In addition, quantitative DNA fragmentation assays are performed. 
Briefly, cells are grown for 12-24 hours in medium containing 1 nCi/ml 3H-thymidine to metabolically radiolabel the 

45 cellular DNA. Cells are washed three times and approximately 1 x 1 0 6 are returned to their usual culture media. The 
cells are incubated in the presence of various concentrations of glutamate (0-50 mM). Four to 24 hours later, the cells 
are pelleted by centrifuged and the culture supernatant is collected to determine the 3 H-thymidine concentration by 
liquid scintillation counting (fraction 1). 

[0103] The cells are resuspended in 5 mM Tris (pH 7.4), 10 mM EDTA, 0.5% Triton X100 and centrifuged at 13,000 
so x g for 30 min. The radioactivity in the resulting supernatant (fraction 2), which contains low molecular weight (frag- 
mented) DNA, and the pellet, which contains intact high molecular weight DNA (fraction 3), is determined. The per- 
centage of DNA fragmentation is calculated by summing the counts per minute (cpms) of radioactivity in fractions 1 
and 2, and dividing by the total cpms of radioactivity in all three fractions. Onset of genomic DNA degradation into 
oligonucleosomal length fragments was delayed in pZIP-BCL-2-infected PC12 cells and B50 cells. These results are 
55 consistent with a role for Bcl-2 in inhibiting apoptotic cell death in neuronal cells. 
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EXAMPLE IV 

[0104] This Example demonstrates the similarity of action of viral and avian homologs of human Bcl-2. 
[0105] 32D-3 cells were stably transfected with expression plasmids containing either a hygromyin (HYG) or a G41 8 
5 (NEO) antibiotic resistance gene and cDNA encoding either the human Bcl-2 protein, the chicken Bcl-2 protein or the 
BHRF-1 protein from Epstein Barr Virus (viral homolog of Bcl-2). Production of the desired proteins orthe corresponding 
mRNA was verified by immunoblot or northern blot assays. Following transfection, cells were cultured without growth 
factor for various times and the number of viable cells was determined. 

[0106] As shown in Fig. 5.A., the chicken Bcl-2 homolog was nearly as effective as the human Bcl-2 in prolonging 
10 cell viability in culture. Similar results were observed for the viral BHRF-1 protein, which also increased cell viability in 
the absence of growth factors (Fig. 5.B.). Cell proliferation studies demonstrated that the increase in viability was not, 
in fact, due to cell growth. 

EXAMPLE V 

15 

[0107] This Example demonstrates that non-Bcl-2 proteins involved in cell survival act synergistically to prolong 
survival of 32D-3 cells in vitro. 

[0108] 32D-3 cells were stably transfected with expression plasmids producing Bcl-2 protein, activated Raf-1 protein 
or both Bcl-2 and Raf-1, then cultured under conditions of growth factor deprivation that cause apoptosis. At various 

20 times after removing the growth factor from the medium, cells were collected and viability was determined. 

[0109] As shown in Fig. 6.A., the expression of Raf-1 alone had no effect on cell survival, whereas expression of 
Bcl-2 alone had a modest effect. Remarkably, expression of both Bcl-2 and Raf-1 proteins together resulted in syner- 
gistic prolongation of cell survival. Significantly, no difference was observed in the level of DNA synthesis of the various 
populations of cells (Fig. 6.B.), indicating that the combined effect of Bcl-2 and Raf-1 represents enhanced cell survival 

25 and not, for example, an ability to proliferate in the absence of growth factors. 

[0110] Flow cytometry was used to confirm that the growth factor-deprived cells were not proliferating. Cells were 
grown for 3 days in the presence or absence of II-3. Following incubation, cells were stained with propidium iodide and 
the relative DNA content of the cells was determined. As shown in Fig. 6.C., BCL2-expressing cells and BCL2/RAF- 
expressing cells grown in the presence of growth factor (panels a and c) exhibit similar patterns of fluorescence intensity, 

30 as do the different cell lines grown in the absence of II-2 (panels b and d). The reduction in the number of cells having 
a higher DNA content is consistent with the greater number of non-cycling Gg/G^phase cells present in the cells grown 
in the absence of 11-3 (panels b and d). 

EXAMPLE VI 

35 

[0111] This Example illustrates the effectiveness of a dominant-negative form of the Bcl-2 protein in accelerating 
32D-3 cell death. 

[0112] 32D-3 cells were stably infected with retrovirus vectors containing a gene conferring neomycin resistance 
alone or in combination with a DNA sequence encoding a 22 kDaform of the Bcl-2 protein, Bcl-2p (Fig. 1.A.). Following 
40 infection, cells were cultured for 1 day without growth factor and the number of viable cells was determined. As shown 
in Fig. 7, expression of the dominant-negative Bcl-2p protein resulted in a significant celt killing. 

EXAMPLE VII 

45 [0113] This Example shows that Bcl-2 inhibits apoptotic degradation of nuclei in a cell free system. 

[0114] A cell-free assay for assessing Bcl-2 function was developed to rapidly screen compounds for ability to inhibit 
or enhance Bcl-2 protein function. The assay utilizes in vitro self-assembled nuclei generated by mixing cell extracts 
derived from Xenopus laevis eggs with isolated sperm chromatin. The nuclei assemble normally but, after about 2 
hours, begin to disintegrate. The nuclei appeared contracted and had the same appearance as isolated nuclei that had 

so been treated briefly with an endonuclease. This phenomenon appears to represent apoptosis. Alternatively, isolated 
hepatocyte nuclei can be substituted for sperm chromatin and mixed with the egg extracts, resulting in the same phe- 
nomenon. 

[0115] To test the effect of Bcl-2 protein on nuclei, lysates were prepared from Sf9 insect cells infected with recom- 
binant baculoviruses encoding either Bcl-2 or an irrelevant protein such as p-galactosidase (j3-gal) orthe Lck kinase 
55 (see Reed et al., Anal. Biochem. 205:70-76 (1 992). To confirm that Bcl-2 was expressed in the insect cell lysates, Sf9 
insect cells were infected with recombinant Bcl-2 baculovirus or recombinant Lck baculovirus vectors. Infected cells 
were incubated for three days to allow expression of the gene products, then lysates were obtained and fractionated 
by SDS-PAGE electrophoresis. Following electrophoresis, proteins were transferred to membrane and probed with an 
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antiserum raised against a synthetic peptide corresponding to part of the predicted amino acid sequence of human 
Bcl-2. As shown in Fig. 8, Bcl-2 protein was expressed in Sf9 cells infected with the Bcl-2 baculovirus vector (lanes 1 
and 2) but not in uninfected cells (lane 6) or cells infected with a baculovirus expressing the Lck kinase (lane 5). Bcl- 
2 protein comprised about 5-10% of the total extracted protein. 

5 [0116] Sf9 cell lysates were added at a 1 :90 dilution into the Xenopus extracts or to a final protein concentration of 
1 0 u.g/ml (see Newmeyer and Wilson, Meth. Cell Biol. 36:607-634 (1 991 ), which is incorporated herein by reference). 
In extracts receiving the control Sf9 lysate, chromatin condensation began after about 2 hours (Fig. 9. A., upper panels, 
and Fig. 9.B.). Round, highly condensed bodies that stain brightly with the Hoechst 33258 DNA dye formed and general 
contraction of the nuclei and floating bits of condensed chromatin in the surrounding extract were apparent (not shown). 

10 After about another 40 min of incubation, the nuclei had disintegrated completely (Fig. 9.B.) and a generally dispersed 
filamentous background of Hoechst fluorescence remained along with many small spherical or irregularly shaped ag- 
gregates of chromatin (not shown). 

[0117] In contrast, when the Bcl-2-containing lysate was added, the nuclei were protected from this kind of degra- 
dation (Fig. 9.A., lower panels, and Fig. 9.B.). A considerable proportion of the nuclei remained intact and were corn- 
's pletely functional in nuclear transport of the fluorescent substrate, tetramethylrhodamine-labelled BSA conjugated to 
a synthetic peptide corresponding to the nuclear localization signal of SV40 T-antigen (TRITC-HSA-NLS). Note that 
in Fig. 9.A., the upper panels contain two nuclei, only one of which is intact and accumulates the fluorescent transport 
substrate. The lower panels (Bcl-2 present) show a typical intact nucleus, which has accumulated the transport sub- 
strate and has grown considerably, acquiring new membrane by fusion of nuclear membrane vesicles with the nuclear 
20 membrane. The DNA (Fig. 9. A., left panel) is concentrated in one part of the nucleus of the Bcl-2-treated extract. This 
DNA localization roughly corresponds with the original elongated shape of the sperm chromatin body and has a normal 
feathery, i.e., decondensed, appearance typical of the morphology of sperm nuclei assembled in standard, non-apop-' 
totic Xenopus egg extracts. 

[0118] Quantitation of the intact, transport-competent nuclei observed in a typical experiment revealed that, after 2 
25 hours of incubation, about 50% of the nuclei in the Bcl-2 -treated extracts were intact (in standard, non-apoptotic extracts 
the percentage of intact nuclei can range from 50-90%), whereas only 8-10% of the control nuclei were intact, as 
measured by transport competence (Fig. 9.B.). As discussed above, no intact nuclei remained 40 min later in the control 
extracts. However, 42% of the nuclei in extracts containing Bcl-2 remained intact and transport-competent after two 
hours and forty min incubation. Thus, the Bcl-2-containing lysates confer on nuclei in these extracts a protection from 
30 degradation. 

[0119] In order to show that the suppression of nuclear breakdown was due to the presence of Bcl-2 protein, immu- 
noprecipitation reactions were performed. Two different insect cell lysates were pre-incubated with anti-Bcl-2-specific 
antibodies or irrelevant antibodies prior to addition to the Xenopus cell free apoptosis assay. As shown in Fig. 10, 
lysates incubated with anti-Bcl-2 antibodies lost the ability to suppress nuclear degradation, whereas incubation with 
35 irrelevant antibodies had no effect on the ability of the lysates to suppress degradation. Depletion of Bcl-2 protein 
following immunoprecipitation of the lysates with anti-Bcl-2 antibody was confirmed by western blot analysis (not 
shown). 

[0120] Additional results indicate that the action of Bcl-2 is not mediated through changes in the efficiency of nuclear 
import. Measurement of the nuclear import activity in these same samples showed that the addition of Bcl-2-containing 
40 lysate resulted in no gross changes in the amount of fluorescent transport substrate imported by nuclei in one hour. 
[0121] As a result of the disclosure that nuclear lysis in the cell free system is mediated by a pathway that can be 
blocked by Bcl-2, the system can be used to examine compounds generated, for example, by rational design or random 
synthesis, for.the ability to alter apoptosis. Compounds that exhibit the desired activity can be selected and used for 
treating various diseases and pathological conditions. 

45 

Example VIII 

[0122] This example shows that Bcl-2 expression vectors can be used to prolong the in vivo survival of genetically- 
engineered fibroblasts that secrete L-DOPA when transplanted into lesioned brains. A similar approach can be used 
so when transplanting genetically modified myoblasts, neuroendocrine or other cell types. In addition, the vectors need 
not be directly injected but can be incorporated into biocompatible "capsules" that can be implanted into the desired 
region of the brain. 

[01 23] Bcl-2 gene transfer is used for prolonging the survival of intracranially implanted fibroblasts that are genetically 
engineered to secrete L-DOPA. An immortal rat fibroblast line (208F) or primary rat skin fibroblasts stably infected with 
55 tyrosine hydroxylase-encoding recombinant retroviruses has been grafted into the denervated striatum of rat brains. 
These transplanted cells reduce behavioral symptoms for 2 and 1 0 weeks, respectively. The loss of a therapeutic effect 
after a few weeks for 208F cells was a result of the loss of surviving transplanted cells. In this animal model of Parkin- 
son's disease, the success of the therapeutic approach has been hampered by the failure of transplanted fibroblasts 
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to survive long-term in the brains of animals. The expression of Bcl-2 can circumvent this problem and prolong the 
intracranial survival of genetically engineered fibroblasts when transplanted into the striatum of brains. 
[0124] To generate fibroblasts coexpressing Bcl-2 and tyrosine hydroxylase (TH), Bcl-2 retroviruses are used to 
infect established and primary rat fibroblasts that previously stably infected with viruses expressing TH. Bcl-2/TH pos- 

5 itive cells are selected and stereotactically introduced into the brains of subjects having Parkinson's disease. 

[0125] The methods for performing these injections in human patients are described, for example, in Freed et al., 
New Engl. J. Med. 327: 1549-1555(1992) and Freed et al., Arch. Neurol. 47: 505-512(1990). Briefly, before the op- 
eration, the caudate and putamen are visualized by CT scanning. Implantation is carried out through an elliptical 
craniectomy (3.5 by 1.5 cm) with the patient awake and sedated and under local anesthesia. The patients head is 

10 mounted into a stereotactic frame and the CT scan is used to determine the coordinates for injection. Six to nine needle 
passes are made on each side of the brain and 1 .5-3 u.l of cell suspension is deposited along 10 mm tracks in the 
putamen, caudate or both as the needle is slowly withdrawn. 

[0126] An animal model that can be used to test the efficacy or optimize the procedure is the use of rats, which have 
undergone 6-hydroxydopamine lesioning of their striatum neurons. For example, the in vivo lifespan of Bcl-2-expressing 

'5 fibroblasts transplanted into the brains of such rats is compared with the lifespan of fibroblasts infected with control 
virus. In this way, the appropriate number of cells required for a particular Bcl-2-expressing cell line can be determined. 
[0127] Experiments can be performed using the rat model. In this case, implantation is performed by mounting the 
anesthetized animal's head in a stereotactic frame and injecting 1 0 u. I of cell suspension into two sites in the striatum 
using the coordinates AP = 0.3 mm; ML = 2.0 mm; DV = 4.5 mm, and AP = 1 .5 mm; ML = 2.0 mm, DV = 4.5 mm, as 

20 described in Paxinos and Watson, The Rat Brain in Stereotaxic Coordinates (Academic Press, 1 982). At each site, 2.5 
u.l of cells are dispensed, then the syringe is raised 1 mm and another 2.5 p.l is administered at a rate of 1 u.l/minute. 
The syringe is left in place for an additional 2 min to allow for diffusion of the cells, as described in Fisher etal., Neuron 
6:371-380 (1991), which is incorporated herein by reference. 

[0128] The retroviral vector used for stably infecting TH positive fibroblasts expresses both a Bcl-2 cDNA and the 
25 lacZ gene of £ coli. LacZ encodes the p-gal, which is easily monitored by colorimetric assays. The salient features of 
this vector include a Moloney sarcoma virus 5'-LTR followed by the Bcl-2 gene, an internal ribosome initiation site, lacZ 
and a 3' Moloney leukemia virus LTR. This retroviral construct results in significantly higher titers of virus production 
than the popular pBAG vector (see Austin and Cepko, Development 1 1 0:71 3-732 (1 990), which is incorporated herein 
by reference). 

30 [0129] To produce the viral vectors, the above-described plasmid will be transfected by standard calcium phosphate 
precipitation into PE501, an ecotrophic packaging cell line that has a lower incidence of spontaneous recombination 
events than the more commonly used Psi-2 cells. As used herein, the term "ecotrophic" means the viral vector has a 
limited host range, i.e., only infects rodent cell, as opposed to the term "amphotrophic," which refers to a virus than 
infects cells from all species. The transiently produced virus is used to stably infect the amphotrophic cell line PA317 

35 by the method of Miller et al., Som. Cell Mol. Gen. 12: 175-182 (1986), which is incorporated herein by reference. 
[0130] After 2 passages in culture to allow for viral integration, stably infected cells are enriched by three rounds of 
fluorescence activated cell sorting (FACS) using a fluorescent p-gal substrate that can be used with viable cells, Nolan 
et al., Proc. Natl. Acad. Sci. USA 85:2603-2607 (1988), which is incorporated herein by reference. Sorted cells are 
seeded at low density into cultures or plated at limiting dilution into microtiter plates. Individual clones are randomly 

*o recovered, propagated in culture and screened initially for virus expression based on relative levels of Bcl-2 protein 
production as determined by immunoblot assay using antibodies specific for human Bcl-2 protein. 
[0131] Culture supernatants derived from promising clones are titered by infection of NIH3T3 cells and scored for 
foci of blue cells in monolayer cultures. This screening procedure uses a protocol that involves fixing the cells in situ 
and staining with colorimetric substrates for p-gal, Lim and Chae, Biotechniques 7:576-579 (1989), which is incorpo- 

45 rated herein by reference. Clones exhibiting the highest virus production are then analyzed by DNA blotto verify integrity 
of the integrated provirus(es) and tested for contaminating helper virus by standard methods (see, for example, Mann 
et al., Cell 33:153-159 (1983), which is incorporated herein by reference). 

[0132] To obtain the Bcl-2/TH positive fibroblasts, the Bcl-2/p-gal vector generated above is stably infected into TH 
positive rodent fibroblasts. The infected cells are enriched by flow cytometry and implanted into the 6-hydroxydopamine 

so lesioned brains of rats. Treatment is monitored by weekly evaluation for symptoms such as apomorphine- or amphet- 
amine-induced rotations. Animals are sacrificed at various times to determine the relative numbers of surviving cells 
by histochemical analysis of tissue sections stained blue by use of appropriate colorimetric substrates of P-gal. 
[0133] An alternative approach to the above-described p-gal-dependent selection strategy for optimizing transplan- 
tation procedures is to use other retroviral vectors instead of the Bcl-2/p-gal vector. These other vectors contain, for 

55 example, an appropriate marker such as a hygromycin resistance gene, Gaken et al., Biotechniques 13:32-33 (1992), 
which is incorporated herein by reference. In this way, Bcl-2 cDNA is introduced into G418-resistant, TH-expressing 
fibroblasts and the stably infected cells are selected for growth in hygromycin. Where a colorimetric marker gene is 
unavailable, the presence of Bcl-2 protein producing fibroblasts in the brains of rats is assessed, for example, by 
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immunohistochemical means using anti-Bcl-2 antibodies, which are specific for the exogenous form of the protein and 
useful for immunostaining formalin- or Bouin's reagent-fixed, paraffin-embedded tissues. 

EXAMPLE IX 

5 

[0134] This example shows the use of Bcl-2 expression vectors to prolong the in vivo survival of transplanted fetal 
dopaminergic neurons. 

[0135] Bcl-2 gene transfer is used for prolonging the in vitro survival of dopaminergic neurons recovered from fetal 
neural tissues. Immortalized TH-expressing neuronal precursors were constructed using a v-myc retrovirus as the 
10 immortalizing oncogene. Fetal cells from the mesencephalic flexure region of day 13 rat embryos were used because 
the neuronal cells that populate the substantia nigra and subsequently innervated the striatum are thought to migrate 
through this area around gestational day 12 to 14, Marchlard and Poirier, Neuroscience 9:373-381 (1983), which is 
incorporated herein by reference. 

[0136] Cells were infected with a v-myc virus and placed into culture. By 12 days post infection, all of the uninfected 
's control cells were dead, whereas about half of the cells exposed to v-myc virus survived. After selection in G41 8, cells 
were cloned and propagated in culture for at least 20 passages over 6 months. Three clones were selected at random 
for detailed characterization and one of them, termed MF13/H11 , was found to contain TH. 

[0137] As shown by immunohistochemical studies, MF13/H11 cells expressed typical neuronal cell antigens such 
as the 150 kDa and 200 kDa neurofilament proteins, a neuron-specific adhesion protein, contactin, and a marker of 

20 the neural crest, ganglioside GD2. The cells did not express the glial cell and astrocyte markers GFAP and the prote- 
oglycan NG2. The cells continue to divide in high-density conditions when provided with serum but atrophy and die 
when serum is withdrawn. MF13/H11 is the first immortalized dopaminergic neuronal precursor clone described to date. 
[0138] Although there is some reported success using v-myc or temperature-sensitive versions of SV40 large T 
antigen for immortalization of neuronal precursor cells and subsequent differentiation of these cells in vivo, the immor- 

25 talized clones that retain ability to differentiate are the exception rather than the rule. The TH-expressing MF13/H11 
cells described above, for example, exhibit little ability to differentiate in vitro when stimulated with retinoic acid and 
other potent pharmacological inducers of neuronal cell differentiation. Unlike v-myc, however, Bcl-2 has the capacity 
to immortalize cells without affecting their ability to proliferate and differentiate. 

[0139] To prolong the in vitro survival of fetal neuronal cells, the same procedure described above for the immortal- 
30 ization of these cells with v-myc is used except that Bcl-2 is used instead. Both an ecotrophic (PE501 ) and an ampho- 
trophic cell line (PA31 7) are used to insure that any preferences will be avoided. 

[0140] Briefly, infections are performed by culturing the fetal neuronal precursor cells for 1-2 days in tissue culture 
dishes coated with poly-L-lysine or poly-L-ornithine. Such conditions eliminate glial cells and favor the attachment of 
neuronal precursor cells. High-titer (> 10 6 colony forming units/ml) virus-containing supematants are collected from 

35 fresh cultures of PA31 7 or PE501 cells and added to the fetal cell cultures for 3 to 4 hrs with 1 0 to 20 jig/ml polybrene 
or for 1 6-24 hrs with 4 u.g/ml polybrene. Virus-containing media is then removed and the fetal cells are cultured for 1 
to 2 days longer before adding the appropriate selection agent (G418, hygromycin or puromycin depending on whether 
a neomycin phosphotransferase, hygromycin phosphotransferase or puromycin-resistance gene, respectively, was 
included in the recombinant bcl-2 retrovirus). Continued culture in media containing these antibiotics can be for as little 

to as 1 day or for several months, depending on the goals of the experiment. 

[0141] In some cases, no selection with antibiotics is performed. Here, selection of Bcl-2 infected cells is essentially 
performed using the survival-promoting functions of Bcl-2. Only Bcl-2 virus-infected cultures will contain viable, prolif- 
erating cells since uninfected mesencephalic cells typically are dead within two weeks. Alternatively, B-gal activity, Bcl- 
2 RNA or protein analysis can be used to screen for Bcl-2-expressing neuronal precursor cells. The Bcl-2 stable trans- 

45 formants are expanded and transplanted essentially as described above for the fibroblasts. 

EXAMPLE X 

[0142] This Example describes the production of transgenic mice expressing Bcl-2. 

so [0143] The DNA construct used for the production of Bcl-2 transgenic mice was constructed as follows. A 4.3 kb 
fragment (A.1 032-5/SH) containing a portion of the human Bcl-2 3' untranslated region, t(1 4;1 8) breakpoint, heavy chain 
joining region gene segment and the IGH enhancer region was excised from the A. phage clone A.1 032-5 (Tsujimoto et 
al., Science 229:1390-1393 (1985), which is herein incorporated by reference) by digestion using Sstl and Hindlll. The 
excised sequence was made blunt-ended using DNA polymerase (Klenow fragment) and T4 polymerase and subcloned 

55 into the Hindi site of pSKII (Stratagene, La Jolla, CA). A 6.9 kb fragment (p18-21H/BH) containing two promoters and 
the first two exons and a portion of the second intron of Bcl-2 was excised from p18-21H by Hind III and partial BamHI 
digestion and subcloned into the pSKII/E^ plasmid above, Tsujimoto et al., Proc. Natl. Acad. Sci. USA 84: 1329-1331 
(1987), which is herein incorporated by reference. Finally, a 4.4 kb Hindlll fragment (p18-4/H) containing a portion of 
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the second intron, third exon, 3' untranslated region and polyadenylation site of Bcl-2 was isolated from p18-4 and 
subcloned into the Hindlll site located between the 5' Bcl-2 and E M fragments described above. For microinjection, a 
1 3-kb DNA fragment was isolated from the final plasmid by BssH 1 1 digestion, gel purified and dialyzed against modified 
TE buffer (10 mM Tris-HCI, pH 7.5, 0.1 mM EDTA). 

5 [0144] Transgenic mice were produced by injecting about 250-500 copies of the above construct into the male pro- 
nucleus of (SWR/J x SJL/J) F, fertilized eggs by standard methods known in the art. Integration of the transgene was 
initially screened by PCR analysis of tail lysates using primers specific for the t(1 4;1 8) major breakpoint region. Results 
were confirmed by DNA blot analysis of liver DNA isolated from F 1 progeny of each transgenic line. All backcrosses 
were with SWR/J mice. Relative levels of Bcl-2 protein were measured by a two-step immunoprecipitation/immunoblot 

w assay that uses antibodies specific for the human Bcl-2 protein, as described in Reed et al., supra,(1991). 

EXAMPLE XI 

[01 45] This example demonstrates that B lymphocytes obtained from bcl-2 transgenic B6 mice that express human 
'5 Bcl-2 protein formed hybridomas having a significantly higher frequency of positive clones as compared to hybridomas 
formed using B lymphocytes obtained from wild type mice. 

[0146] Transgenic B6 mice expressing a bcl-2 minigene under the control of the immunoglobulin heavy chain en- 
hancer were generated as previously described (Siegel et al., Proc. Natl. Acad. Sci., USA 89:7003-7007 (1992); Kat- 
sumata et al., Proc. Natl. Acad. Sci., USA 89:11376-11380 (1992), each of which is incorporated herein by reference). 

20 High levels of human Bcl-2 protein are expressed in the B lymphocytes of these transgenic mice and, associated with 
the high level of Bcl-2 expression in these cells, is prolonged survival of the B cells following antigenic stimulation. 
[01 47] Transgenic Bcl-2 B6 mice and B6 non-transgenic littermates or Balb/c mice were immunized by intraperitoneal 
injection with 1 00 u.g bacterial p-galactosidase (P-gal) in alum on days 1 and 14. Three days priorto harvesting spleens 
(usually about two weeks after the second immunizing injection), mice were boosted with 100 u.g p-gal in PBS. The 

25 spleen cells were seeded at 2 x 1 0 s cells/well in 96-well plates and fused at a 4:1 ratio with P3/NSI-Ag4-1 (ATCC TIB 
18) myeloma cells using polyethylene glycol and hybridomas were selected in HAT-containing medium (Harlow and 
Lane, supra, 1988). Positive hybridomas were identified by ELISA using p-gal adsorbed to plastic plates. Positive 
monoclonal mouse antibodies that bound to the immobilized were identified using a horseradish peroxidase-conjugated 
goat anti-mouse antibody (Cappel/Worthington). 

30 [0148] As shown in the Table, B cells obtained from transgenic B6 mice expressing human Bcl-2 yielded about 3-4x 
as many positive hybridomas on a per cell basis than did B cells obtained from normal littermates of the transgenic 
mice or from normal Balb/c mice. In addition, analysis of the immunoglobulin isotypes expressed by the hybridomas 
revealed that the majority were IgG isotypes, indicating that class switching occurs in the Bcl-2-expressing B lym- 
phocytes. These results demonstrate that B lymphocytes from transgenic mice expressing a human bcl-2 gene are 

35 useful for obtaining an increased number of positive hybridoma. 
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[0149] Although the invention has been described with reference to the disclosed embodiments, it should be under- 
stood that various modifications can be made without departing from the spirit of the invention. Accordingly, the invention 
is limited only by the following claims. 



Claims 

1. Use of a population of cells having increased Bcl-2 activity for preparing a medicament for prolonging the in vivo 
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survival of transplanted cells for the treatment of a disease or pathological condition. 

2. The use of claim 1 , wherein said population of cells are neurons or their precursor cells, p-cell from pancreatic 
islets, myoblasts, fibroblasts or immune cells. 

3. The use of claims 1 or 2, wherein the medicament is for the treatment of a neurodegenerative disease. 

4. The use of claims 1 or 2, wherein the medicament is for the treatment of a cancer or viral disease. 

5. The use of claims 1 or 4, wherein said population of cells exhibit an altered activity of a non-Bcl-2 protein compared 
to a cell affected by the disease or pathological condition. 

6. Use of a compound capable of increasing the activity of Bcl-2 in cells for preparing a medicament for treating a 
disease or pathological condition resulting in apoptotic cell death, affected by the disease or pathological condition. 

7. Use of a compound capable of increasing the activity of Bcl-2 in cells for preparing a medicament for treating a 
neurodegenerative disease such as Alzheimer's dementia, Parkinson's disease or a glutamate-induced neuronal 
injury. 

8. The use of claim 7, wherein said neurodegenerative disease is mediated by amyloid-p-protein or fragments thereof. 

9. The use of claim 7, wherein said activity of Bcl-2 is increased in cells affected by the neurodegenerative disease 
by elevating the levels of Bcl-2. 

1 0. Use of a nucleic acid molecule encoding Bcl-2p to decrease the activity of Bcl-2 for the preparation of a medicament 
for enhancing the sensitivity of malignant cells to therapy, wherein said Bcl-2(i is a shorter form of Bcl-2 lacking a 
hydrophobic region sufficient for membrane attachment. 

11. A method other than a method of treatment of the human or animal body to enhance monoclonal antibody pro- 
duction, comprising prolonging the in vitro or in vivo survival of B cell hybridoma precursor cells by increasing the 
activity of Bcl-2 in said cells. 

12. The method of claim 11, wherein said Bcell hybridoma precursor cells are mouse B cells, wherein said B cells are 
produced by immunizing a transgenic mouse expressing Bcl-2 as the transgene with a predetermined antigen and 
isolating B cells from the spleen or other lymphoid organs of said immunized transgenic mouse. 

13. A method to prolong the in vitro survival of primary, explanted tumor cells so that they can be more efficiently 
genetically modified to secrete lymphokines or produce other proteins that would enhance the induction of an 
immune response to the cells when irradiated and transplanted back into the cancer patient, by increasing the 
activity of Bcl-2 in said explanted tumor cells. 

1 4. A method to enhance the in vitro growth and survival of eukaryotic cells to increase cell yields for transplantation, 
by increasing the activity of Bcl-2 in said eukaryotic cells. 

1 5. Use of a compound capable of decreasing the activity of Bcl-2 and a compound capable of decreasing the activity 
of Raf-1 for the preparation of a medicament for enhancing the sensitivity of malignant cells to therapy. 

16. A method to enhance monoclonal antibody production, comprising 

a) obtaining hybridoma precursor cells from a transgenic non-human animal expressing a transgene encoding 
a polypeptide, wherein expression of said polypeptide prolongs the survival of said hybridoma precursor cells 
by increasing the activity of Bcl-2, and 

b) preparing a hybridoma from said hybridoma precursor cells expressing said non-Bcl-2 gene, thereby en- 
hancing monoclonal antibody production from said hybridoma. 

17. The method of claim 1 6, wherein said polypeptide is selected from the group consisting of human Bcl-2, a species 
homolog of Bcl-2 and BHRF-1. 
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18. The method of claim 17, wherein said polypeptide is selected from the group consisting of human Bcl-2, chicken 
Bcl-2 and BHRF-1. 

19. The method of claim 17, wherein said Bcl-2 is Bcl-2/P59S. 

20. The method of one of claims 16 to 19, wherein the transgenic non-human animal is a mouse. 
Patentanspruche 

1. Verwendung einer Population von Zellen, die eine erhohte Bcl-2-Aktivitat aufweisen, zur Herstellung eines Medi- 
kaments zur Verlangerung der Oberlebensdauer transplantierter Zellen in vivo zur Behandlung einer Erkrankung 
Oder eines pathologischen Zustands. 

2. Verwendung nach Anspruch 1 , bei der die Population von Zellen Neuronen Oder deren Vorlauferzellen, p-Zellen 
von Pankreasinseln. Myoblasten, Fibroblasten oder Immunzellen sind. 

3. Verwendung nach Anspruch 1 oder 2, bei der das Medikament zur Behandlung einer neurodegenerativen Erkran- 
kung ist. 

4. Verwendung nach Anspruch 1 oder 2, bei der das Medikament zur Behandlung eines Krebses oder einer viralen 
Erkrankung ist. 

5. Verwendung nach den Anspriichen 1 oder 4, bei der die Population von Zellen eine veranderte Aktivitat eines 
25 nicht-Bcl-2-Proteins verglichen mit einer Zelle aufweist, diedurch die Erkrankungoderden pathologischen Zustand 

betroffen ist. 

6. Verwendung einer Verbindung, die in der Lage ist, die Aktivitat von Bcl-2 in Zellen zu erhohen, zur Herstellung 
eines Medikaments zur Behandlung einer Erkrankung oder eines pathologischen Zustands, der im apoptotischen 

30 Tod von Zellen resultiert, die durch die Erkrankung oder den pathologischen Zustand betroffen sind. 

7. Verwendung einer Verbindung, die in der Lage ist, die Aktivitat von Bcl-2 in Zellen zu erhohen, zur Herstellung 
eines Medikaments zur Behandlung einer neurodegenerativen Erkrankung wie Alzheimer's Demenz, Parkinson- 
scher Erkrankung oder einer Glutamat-induzierten neuronalen Schadigung. 

35 

8. Verwendung nach Anspruch 7, bei der die neurodegenerative Erkrankung durch Amyloid-p-Protein oder Fragmen- 
te desselben vermittelt ist. 

9. Verwendung nach Anspruch 7, bei der die Aktivitat von Bcl-2 in Zellen, die durch die neurodegenerative Erkrankung 
40 betroffen sind, durch Anheben des Anteils an Bcl-2 erhoht ist. 

10. Verwendung eines Nukleinsauremolekuls, das fur Bcl-2|) kodiert, zur Verminderung der Aktivitat von Bcl-2, zur 
Herstellung eines Medikaments zur Verstarkung der Sensitivitat maligner Zellen gegenuber einer Therapie, bei 
der das Bcl-2f} eine kiirzere Form von Bcl-2 ist, dem einezurAnheftungan die Membran ausreichende hydrophobe 

*5 Region fehlt. 

11. Verfahren, das kein Verfahren zur Behandlung des menschlichen oder tierischen Korpers ist, zur Erhohung der 
monoklonalen Antikorper-Produktion, das die Verlangerung der in vitro- oder in vivo-Uberlebenszeit von B-Zell- 
Hybridom-Vorlauferzellen durch Erhohung der Aktivitat von Bcl-2 in den Zellen umfaBt. 
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1 2. Verfahren nach Anspruch 1 2, bei dem die B-Zell-Hybridom-Vorlauferzellen Maus-B-Zellen sind, wobei die B-Zellen 
durch Immunisieren einer transgenen Maus hergestellt sind, die Bcl-2 als Transgen mit einem vorbestimmten 
Antigen exprimiert, und wobei man die B-Zellen aus dem Gehim oder anderen lymphoiden Organen der immuni- 
sierten transgenen Maus isoliert. 

13. Verfahren zur Verlangerung der in vitro-Uberlebensdauer primarer explantierter Tumorzellen, damit diese effizi- 
enter genetisch modifiziert werden konnen, um Lymphokine zu sekretieren oder andere Proteine zu produzieren, 
die die Induktion einer Immunantwortauf die Zellen verstarken, wenn sie bestrahlt und in den Krebspatienten riick- 
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implantiert werden, durch Erhohung der Aktivitat von Bcl-2 in den explantierten Tumorzellen. 

14. Verfahren zur Verstarkung des in vitro-Wachstums und des Uberlebens eukaryontischer Zellen zur Erhohung der 
Zellausbeuten zur Transplantation, durch Erhohung der Aktivitat von Bcl-2 in den eukaryontischen Zellen. 

5 

15. Verwendung einer Verbindung, die geeignet ist, die Aktivitat von Bcl-2 zu vermindern, und einer Verbindung, die 
geeignet ist, die Aktivitat von Raf-1 zu vermindern, zur Herstellung eines Medikaments zur Verstarkung der Sen- 
sitivitat maligner Zellen gegenuber einer Therapie. 

10 16. Verfahren zur Verstarkung einer monoklonalen Antikorperproduktion, bei dem man 

a) Hybridom-Vorlauferzellen aus einem transgenen nicht-menschlichen Tier erhalt, die ein Transgen expri- 
mieren, das fur ein Polypeptid kodiert, wobei die Expression des Polypeptids die Qberlebenszeit der Hybridom- 
Vorlauferzellen durch Erhohung der Aktivitat von Bcl-2 verlangert, und bei dem man 

15 

b) aus den Hybridom-Vorlauferzellen ein Hybridom erzeugt, das das nicht-Bcl-2-Gen exprimiert, wodurch die 
monoklonale Antikorperproduktion durch dieses Hybridom verstarkt wird. 

17. Verfahren nach Anspruch 16, bei dem das Polypeptid aus der Gruppe bestehend aus humanem Bcl-2, einem 
20 Spezies-Homologen von Bcl-2 und BHRF-1 ausgewahlt ist. 

18. Verfahren nach Anspruch 17, bei dem das Polypeptid aus der Gruppe bestehend aus humanem Bcl-2, Huhner- 
Bcl-2 und BHRF-1 ausgewahlt ist. 

25 19. Verfahren nach Anspruch 17, bei dem das Bcl-2 Bcl-2/P59S ist. 

20. Verfahren nach einem der Anspriiche 1 6 bis 1 9, bei dem das transgene nicht-menschliche Tier eine Maus ist. 



30 Revendications 

1. Utilisation d'une population de cellules possedant une activite Bcl-2 accrue pour la preparation d'un medicament 
destine a prolonger la survie in vivo des cellules transplantees pour le traitement d'une maladie ou d'un etat pa- 
thologique. 

35 

2. Utilisation selon la revendication 1 , ladite population de cellules etant composee de neurones ou de leurs cellules 
precurseurs, de cellules p dTlots pancreatiques, de myoblastes, de fibroblastes ou de cellules immunitaires. 

3. Utilisation selon les revendications 1 ou 2, dans laquelle le medicament est destine au traitement d'une maladie 
40 neurodegenerative. 

4. Utilisation selon les revendications 1 ou 2, dans laquelle le medicament est destin6 au traitement d'un cancer ou 
d'une maladie virale. 

45 5. Utilisation selon I'une quelconque des revendications 1 ou 4 dans laquelle ladite population de cellules presente 
une activite altered d'une proline non-Bcl-2 comparee a une cellule affectee par la maladie ou I'etat pathologique. 

6. Utilisation d'un compose capable d'augmenter I'activite de Bcl-2 dans des cellules pour la preparation d'un medi- 
cament destine au traitement d'une maladie ou un d'un etat pathologique aboutissant a la mort par apoptose des 

so cellules affectees par la maladie ou I'etat pathologique. 

7. Utilisation d'un compose capable d'augmenter I'activite de Bcl-2 dans des cellules pour la preparation d'un m6di- 
cament destine au traitement d'une maladie neurodegenerative comme la maladie d'Alzheimer, la maladie de 
Parkinson ou une lesion neuronale induite par le glutamate 

55 

8. selon la revendication 7, dans laquelle ladite maladie neurovegetative est mediee par la proteine amylolde p ou 
des fragments de celle-ci. 
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9. Utilisation selon la revendication 7, dans laquelle ladite activity de Bcl-2 est accrue dans les cellules affectees par 
la maladie neurodegenerative par une augmentation du taux de Bcl-2. 

10. Utilisation d'une molecule d'acide nucieiquecodant pour Bcl-2|3 afin de reduire I'activite de Bcl-2 pour la preparation 
5 d'un medicament destine a amplifier la sensibilite des cellules canc6reuses au traitement, dans laquelle ladite Bcl- 

20 est une forme plus courte de Bcl-2 a laquelle manque une region hydrophobe suffisante pour I'attachement a 
la membrane. 

11 . Proc6de autre qu'un precede de traitement d'un organisme humain ou animal pour augmenter la production d'an- 
10 ticorps monoclonaux, comprenant le prolongement de la survie in vitro ou in vivo de cellules precurseurs d'hybri- 

domes de lymphocytes B en augmentant I'activite de Bcl-2 dans lesdites cellules. 

i 12. Procede selon la revendication 11 , dans lequel lesdites cellules precurseurs d'hybridomes de lymphocytes B sont 
des lymphocytes B de souris, lesdits lymphocytes Bde souris etant produits en immunisant une souris transgenique 
's exprimant Bcl-2 en tant que transgene avec un antigene predetermine et en isolant les lymphocytes B de la rate 

et d'autres organes lymphoides de ladite souris transgenique immunisee. 

13. Proc6de destine a prolonger la survie in vitro de cellules tumorales primaires explantees de maniere a ce qu'elles 
puissent etre gen6tiquement modifiees de maniere plus efficace afin de secreter des lymphokines ou produire 

20 d'autres prolines qui augmentent I'induction d'une reponse immunitaire contre les cellules lorsqu'elles sont irra- 

diees et retransplantees chez un patient atteint d'un cancer, en augmentant I'activite de Bcl-2 dans lesdites cellules 
tumorales explantees. 

14. Procede destine a augmenter la croissance et la survie in vitro de cellules eucaryotes afin d'augmenter le rende- 
rs ment en cellules destinees a la transplantation, en augmentant I'activite de Bcl-2 dans lesdites cellules eucaryotes. 

15. Utilisation d'un compose capable de reduire I'activite de Bcl-2 et d'un compose capable de reduire I'activite de 
Raf-1 pour la preparation d'un medicament destine a augmenter la sensibilite de cellules malignes au traitement 

30 16. Procede destine a augmenter la production d'un anticorps monoclonal comprenant 

a) I'obtention de cellules precurseurs d'hybridomes a partir d'un animal transgenique non humain exprimant 
un transgene codant pour un polypeptide, dans lequel I'expression dudit polypeptide prolonge la survie des- 
dites cellules precurseurs d'hybridomes en augmentant I'activite de Bcl-2, et 

35 

b) la preparation d'un hybridome a partir desdites cellules precurseurs d'hybridomes exprimant ledit gene non- 
Bcl-2 de maniere a augmenter la production d'un anticorps monoclonal a partir dudit hybridome. 

17. Procede selon la revendication 16, dans lequel ledit polypeptide est choisi au sein du groupe constitue par la 
40 proteine Bcl-2 humaine, une espSce homologue de Bcl-2 et BHRF-1 . 

18. Procede selon la revendication 17, dans lequel ledit polypeptide est choisi au sein du groupe constitue par la 
proteine Bcl-2 humaine, la proteine Bcl-2 de poulet et BHRF-1 . 

45 19. Procede selon la revendication 17, dans lequel ledit Bcl-2 est Bcl-2/P59S. 

20. Proc6d6 selon I'une quelconque des revendications 16 a 19, dans lequel I'animal transgenique non humain est la 
souris. 

50 
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